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Monday,  3d  December,  1866. 

Sir  David  firewater,  the  President,  delivered  the  following 
Opening  Address : — 

GnTLEMBN, — or  all  the  agencies  which  are  at  work  in  the  mate- 
rial universe,  the  light  of  the  sun  is  doubtless  the  most  remarkable, 
whether  we  study  it  in  its  sanitary,  its  scientific,  or  its  teathetical 
relations  Id  the  language  of  metaphor,  it  is  the  very  life-blood  of 
nature,  without  which  everything  material  would  fade  and  perish  ; 
the  fountain  of  all  our  knowledge  of  the  external  universe;  and  the 
historiograjiher  of  the  visible  creation,  recording  and  transmitting 
to  future  ages  all  that  is  beautiful  and  sublime  in  organic  and  in- 
organic nature,  and  stamping  on  perennial  tablets  the  hallowed 
scenes  of  domestic  life,  the  ever- varying  phases  of  social  interconise 
and  the  more  exciting  scenes  of  bloodshed  and  war,  which  Chris- 
tians still  struggle  to  reconcile  with  the  obligatioaa  of  their  faith. 

The  influence  of  light  on  physical  life  ia  a  subject  of  which  we 
know  little;  bnt  the  science  of  light,  which  has  been  studied  for 
nearly  two  centuries  by  the  brightest  intellects  in  the  civilised 
world,  consists  of  a  body  of  facts  and  laws  of  the  most  extraordinary 
kind — ^rich  in  knowledge,  popular  and  profound,  and  affording  to 
educated  students  simple  and  lucid  explanations  of  that  boundless 
and  brilliant  array  of  phenomena  which  light  creates,  and  mani- 
fests, and  developes.  While  it  has  given  to  astronomy  and  naviga- 
tion their  telescopes  and  InstnimentB  of  discbvery,  and  to  the  bota- 
nist, the  naturalist,  and  the  physiologist,  their  microscopes,  simple, 
componnd,  and  polarising, — it  has  shown  to  the  student  of  nature 
how  the  juices  of  plants  and  animals,  and  the  integuments  and  fila- 
ments of  organic  life,  elicit  from  the  pure  sunbeam  its  prismatic 
elements— clothing  fruit  and  flower  with  their  gorgeous  attire, 
bathing  every  aspect  of  nature  in  the  rich  hues  of  spring  and 
autumn,  giving  to  the  sky  its  azure,  and  to  the  clouds  their  gold. 

In  treating  of  the  influence  of  light  as  a  sanitary  agent,  we  enter 
upon  a  subject  almost  entirely  new ;  but  admitting  the  existence 
of  the   influence  itself,  as  partially  established  by  analogy  and 
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obaervatioD,  and  aseerting  the  vast  importance  of  the  subject  in  its 
Hocial  aspecta,  we  venture  to  say  that  science  furnieheB  us  with 
[irinciples  and  methods  by  which  the  light  of  day  may  be  thrown 
into  apartmeuts  which  a  snabeam  lias  uever  readied,  and  where  the 
poisons  and  the  malaria  of  darkness  have  been  undermioing  sound 
constitutions,  and  carrying  thousands  prematurely  to  the  grave. 

The  influence  of  light  upon  vegetable  life  has  been  long  and  suo- 
ceesfully  studied  by  the  chemist  and  the  botanist.  The  researches 
of  Priestley,  lugeohousz,  Senuebier,  and  Decandolle,  and  the  more 
recent  ones  of  Carradori,  Fayen,  Macaire,  Draper,  Gratiolet, 
Oardner,  Daubeny,  and  Hunt,  have  placed  it  beyond  a  doubt  that 
sunlight  exerts  the  most  marked  influence  upon  the  respiration, 
Ihe  absorption,  and  tlie  exhalation  of  plants,  and,  consequently, 
on  their  general  and  local  nutrition.  Draper  and  Gardner  deter- 
mined the  influence  of  the  difi'erently  coloured  rays  in  the  germi- 
nation of  plants  and  in  the  decomposition  of  carbonic  acid,  and  they 
found  that  the  yellow  raya  were  particularly  active  in  producing  the 
green  colour  of  the  leaves.  Mr  Hunt  bos  shown  that  the  germination 
of  seeds  is  more  rapid  under  the  influence  of  the  chemical  rays  than 
in  the  dark  or  even  under  white  light — a  result  confirmed  by  the 
observations,  on  a  large  scale,  of  the  Messrs  Lawson  and  Sous. 
The  curious  fact  of  plants  bending  towards  the  light,  as  if  to  catch 
its  Influence,  must  have  been  frequently  observed.  Mr  Hunt  found 
that  this  influence,  which  is  strikingly  shown  by  the  potato,  is  due 
lo  the  action  of  the  yellow  rays,  and,  what  is  very  remarkable, 
that  in  red  tight  the  plant  bends  from  it. 

If  light,  then,  is  so  essential  to  the  life  of  plants,  we  may  reason- 
ably suppose  that  it  is  necessary,  though  to  a  less  extent,  to  the 
development  and  growth  of  animals  ;  and  many  observations  have 
been  recently  mode  in  confirmation  of  this  imporlant  fact.  Dr 
Edwards  found  that  all  the  egga  of  frogs  exposed  to  light  were 
developed  in  succession,  but  that  none  of  those  kept  in  the  dark 
were  well  developed.  Employingthe  tadpoles  of  the  Sana  obtlelri- 
cans,  he  found  that  the  action  of  light  developes  the  different  parts 
of  the  body  in  that  just  proportion  which  characterises  the  adult 
— the  type  of  the  species. 

In  papers  communicated  to  the  Imperial  Academy  of  Sciences, 
M.  Muleschofl'  of  Heidelberg  has  shown  that  the  quantity  of  car- 
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bouio  acid  exhaled  by  frogs  (the  Rana  eievienta)  is  mncb  greatfit  in 
light  that  iu  darkneBH  ;*  but  the  most  im^Kirtant  reseaicheB  on  the 
Bubject  were  communiaated  to  the  same  Society  b;  U.  Beclard  in 
1858.  From  a  series  of  experimente,  continued  for  four  years  in  the 
Laboratory  of  the  Faculty  of  Medicine,  he  obtained  the  following 
.  results: — f 

1.  That  the  nutrition  and  development  of  animals  that  breathe 
by  the  skin  experience  remarkable  modifications  under  the  infiu- 
enoe  of  the  difierently- colon  red  rays  of  the  Bpectram.  The  egga  of 
the  fly  {Muica  eamaria),  placed  in  six  bell  glasaea,  violet,  blue,  red, 
yellow,  trangparent,  and  ^rem,  produced  worms  which,  at  the  end 
of  four  or  five  days,  were  very  differently  developed.  Those  deve- 
loped in  the  violet  glass  were  triple  in  size  and  length  to  those  in 
the  ^reen  glass,  the  influence  of  the  other  colonrs  diminiahing  in 
the  above  order. 

2.  That  the  same  weight  of  frogs  produced  more  Iban  twice  the 
quantity  of  carbonic  acid,  in  r^piratioii,  in  the  ^reen  than  in  the 
red  glass.  When  the  same  frogs  were  skiniied,  the  carbonic  acid 
was  greater  in  the  red  than  in  the  green  rays.  No  difference  was 
observed  with  birds,  and  the  small  mammalia,  such  as  mice,  owing 
to  their  being  covered  with  hair  and  feathers. 

3.  That  the  cutaneous  exhalation  of  the  vapour  of  water  is  <»)«- 
Aa^or  on«-(A*r<ileB8  in  the  dark  than  in  ordinary  daylight,  or  in 
violet  light,  in  which  the  exhalation  is  the  same. 

Few  and  imperfect  ae  these  observations  are,  they  entitle  u«  to 
inquire  into  the  influence  of  light  npon  the  human  frame,  physical 
and  mental,  io  health  and  disease,  in  developing  the  perfect  form  of 
the  adult,  and  in  preserving  it  from  premature  decay.  In  the  absence 
of  researches  which  might  have  been  made  in  our  hospitals,  prisons, 
and  madhouses,  we  must  grope  our  way  among  general  specalatiooa 
and  insulated  facta,  and  we  have  no  doubt  that  the  direct  influence 
of  light  over  the  phenomena  of  life  will  not  be  found  limited  to 
the  lower  raceB  of  the  animal  world. 

Man,  in  his  most  perfect  type,  is  doubtless  to  be  found  in  the 
temperate  regions  of  the  globe,  where  the  solar  influences  of  light, 
heat,  and  actinism,  are  so  nicely  balanced.     Under  the  scorching 
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lieat  of  the  tropica,  he  canbot  call  into  erercise  his  bigbeet  powers. 
The  calorific  rays  are  all-poveTful  tbere,  and  lassitude  of  body  and 
immaturity  of  mind  are  their  necessary  results ;  while  in  the  dark- 
ness of  the  polar  regions,  the  distinctive  characters  of  oor  species 
almost  disappear  in  the  absence  of  those  genial  influences  which 
are  so  powerful  in  the  organic  world. 

It  is  well  known  to  all  who  seek  for  health  in  a  sonthem  climate, 
that  an  ample  share  of  light  is  considered  necessary  for  its  re- 
covery. In  the  hotels  of  France  and  Italy,  the  apartment  with 
a  south  exposure  are  earnestly  aonght  for,  and,  under  the  advice 
of  his  physicau,  the  patient  strives  to  fix  himself  in  these  bright 
localities.  The  ealutary  effect,  however,  thus  ascribed  to  light  is 
supposed  to  arise  from  the  greater  warmth  of  the  solar  rays ;  but 
this  con  hardly  be  the  case  in  mild  climates,  or  indeed  in  any  climate 
where  a  fixed  artificial  temperature  can  be  easily  maintained. 
Something,  too,  is  due  to  the  cheering  effect  of  light  upon  an 
invalid;  but  this  influence  is  not  excluded  from  apartments  so 
situated  that  from  a  western  or  even  northern  window  we  may  enjoy 
the  finest  scenery  illuminated  by  the  full  blaze  of  a  meridian  sun. 
.While  our  distinguiBbed  countryman.  Sir  James  Wylie,  late 
physician  to  the  Emperor  of  Russia,  resided  in  St  Petersburg,  he 
studied  the  efi'ects  of  light  as  a  curative  agent.  In  the  hospitals  of 
that  city  there  were  apartments  without  light,  and  upon  comparing 
the  number  of  patients  who  left  these  apartments  cured,  he  found 
that  they  were  only  one-fotuih  the  number  of  thrae  who  went  oat 
cured  from  properly  lighted  rooms.  In  this  case  the  curative 
agency  could  not  reasonably  be  ascribed  either  to  the  superior 
warmth  or  ventilation  of  the  well-lighted  rooms,  because  in  all 
such  hospitals  the  introduction  of  fresh  air  is  a  special  object  of 
attention,  and  the  heating  of  wards  without  windows  is  not  diffi- 
cult to  accomplish. 

Sut  though  the  records  of  our  great  hospitals  may  not  assist  us 
in  our  present  inquiry,  yet  facte  sufficiently  authentic  may  be 
gathered  from  various  quarters.  In  the  years  of  cholera,  when  this 
frightful  disease  nearly  decimated  the  population  of  some  of  the 
principal  cities  in  the  world,  it  was  invariably  found  that  the 
deaths  were  more  numerous  in  narrow  streets  and  northern  ex- 
posures, where  Die  salutary  beams  of  light  and  actinism  had  sel- 
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dom  shed  their  beueficial  influeDce.  The  reBietleea  epidemic  found 
an  easy  prey  among  a  people  whose  pbjeical  organisation  had  Dot 
beeo  matured  under  those  benign  iufluecicea  of  eolar  radiation 
which  shed  health  «iid  happiness  over  flur  fertile  plains,  our  open 
valleys,  and  those  mountain  sides  and  elevated  plateaus  where  man 
breathes  in  the  brighter  regions  of  the  atmosphere. 

Could  we  investigate  the  history  of  dungeon  life  of  those  noble 
martyrs  whom  ecclesiastical  or  political  tyranny  have  immured  in 
darkness,  or  of  those  felons  whom  law  and  justice  have  driven  from 
society,  we  should  find  many  examples  of  the  terrible  effects  which 
have  been  engendered  by  the  exclusion  of  those  influences  which 
are  necessary  for  the  nutrition  and  development  of  the  lower 
animals. 

Di  Edwards  applies  to  man  the  principles  which  he  deduced  from 
his  experiments  on  animals;  and  he  maintains  that,  "in  climates 
in  which  nudity  is  not  incompatible  with  health,  the  exposure 
of  the  whole  surface  of  the  body  to  light  will  be  very  favourable 
to  the  regular  conformation  of  the  body."  In  support  of  this 
opinion  he  quotes  a  statement  by  Humboldt,  that  among  the 
people  called  Chaymas,  who  live  under  the  Equator,  both  men  and 
women  are  very  muscular  and  have  fleshy  and  rounded  forms,  and 
that  he  hod  not  seen  a  single  individual  with  a  natural  deformity." 
"  I  can  say  the  same,"  he  adds,  "  of  many  thouxands  of  Caribs, 
Muyscas,  and  Mexican  and  Peruvian  Indians,  whom  I  have  ob- 
served during  five  years.  Deformities  and  deviations  are  exceed- 
ingly rare  in  certain  races  of  men,  especially  those  which  have  the 
likin  strongly  coloured." 

If  light  thus  developes  in  certain  races  the  perfect  type  of  the 
adult  who  has  grown  under  its  influence,  we  can  hardly  avoid  the 
conclusion  drawn  by  Dr  Edwards,  "  that  the  want  of  sufficient  light 
must  constitute  one  of  the  external  causes  which  produce  those 
deviations  in  form  which  are  observed  in  children  affected  with 
ocrofula, — an  opinion  BUp{Kirted  by  the  fact  that  this  disease  is  most 
prevalent  in  poor  children  living  in  confined  and  dark  streets." 

Following  out  the  same  principle,  Dr  Edwards  infers,  "  that 
when  these  deformities  do  not  appear  incurable,  exposure  to  the 
pun  is  one  of  the  means  tending  to  restore  a  good  conformation." 
"  It  is  true,"  he  adds,  "  that  the  light  wbitb  falls  upon  our  clothes 
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acts  only  by  its  heat,  but  the  ei^)Bed  parts  recdive  the  peculiur 
iofloeDce  of  the  light."  "  Among  these  parts,"  he  coDtinues,  "  we 
must  certaiDly  regard  the  eyes  as  not  merely  deeigoed  for  the  per- 
ceptioQ  of  colour  and  fonn.  Their  exquisite  seDsibility  to  light 
fits  them  peculiarly  for  traDBmitting  it  throughout  the  system,  and 
we  know  that  even  a  moderate  light  on  the  retina  produces  in  seve- 
ral diseases  a  general  exacerbation  of  symptomB." 

If  the  light  of  day,  then,  contributes  to  the  development  of 
the  human  form,  and  lends  its  aid  to  art  and  nature  in  the  cnre  of 
disease,  it  becomes  a  personal  and  national  duty  to  constiuct 
our  d well ing-bou BOB,  our  schools,  our  workshops,  our  factories,  our 
churcheB,  onr  villages,  towns,  and  cities  npon  such  principles  and 
in  such  styles  of  architecture  as  will  allow  the  life-giving  element 
to  have  the  fullest  and  the  freest  entrance,  and  to  obaae  from  every 
crypt,  and  cell,  and  comer  the  elements  of  uncleanness  and  corrup- 
tion which  have  a  vested  interest  in  darkness. 

Although  we  have  not  visited  the  prisons  and  lazarettos  of  foreign 
countries,  to  describe  the  dungeons  and  caverns  in  which  the  vic- 
tims of  despotism  and  crime  are  perishing  without  light  and  air, 
yet  we  have  seen  enough  in  our  own  country — in  private  bonses, 
in  the  most  magnificent  of  our  castles,  and  in  the  most  gorgeous  of 
our  palaces— to  estahliah  the  fact  that  there  is  hardly  a  house  in 
town  or  country  without  dark  apartments  which  it  is  in  the  power 
of  science  to  illuminate.  Id  most  of  the  principal  cities  of 
Europe,  and  in  many  of  the  finest  towns  of  Italy,  where  external 
nature  wears  her  brightest  attire,  there  are  streets  and  lanes  in 
which  the  bouses  on  one  side  are  so  near  those  on  the  other,  that 
hundreds  of  thousands  of  human  beings  are  neither  supplied  with 
light  nor  air,  and  carry  on  their  trades  in  almost  total  darkness. 
Providence — more  beneficent  than  man — has  provided  the  means 
of  lighting  up  to  a  certain  extent  the  workman's  home,  by  the  ex- 
panding power  of  the  pppil  of  his  eye,  and  by  an  increaaiDg  sen- 
sibility of  his  retina ;  but  the  very  exercise  of  such  powers  is  pain- 
ful, and  evei;  attempt  to  see  when  seeing  is  an  efibrt,  or  to  read 
and  work  with  a  straining  eye  and  an  erring  hand,  is  injurious  to 
the  organ  of  vision,  and  sooner  or  later  must  impair  its  powers. 
Thus,  deprived  of  the  light  of  day,  thousands  are  compelled  to  carry 
on  their  trades  principally  by  artificial  light — by  the  consumption 
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of  tallow,  oil,  or  gas,  thus  inhaling  from  momiDg  till  midnight'  the 
offenaiye  odotirg  and  polluted  effluvia  which  are  more  or  less  the 
products  of  artificial  illumination, 

It  is  in  vain  to  expect  that  such  evile,  shortening  and  rendering 
miserable  the  life  of  man,  can  be  removed  by  legislation  or  arbitrary 
power.  In  varioos  great  cities  attempts  are  making  to  replace  their 
densely  congregated  streets  and  dwellings  by  structures  at  once 
ornamental  and  salutary;  and  Europe  is  now  admiring  that  great 
renovation  Id  a  neighbouring  metropolis,  by  which  hundreds  of 
streets  and  thousands  of  dwellings,  once  the  seat  of  poverty  and 
crime,  are  replaced  by  architectural  combinations  the  most  beauti- 
ful, and  by  hotels  and  palaces  which  vie  with  the  finest  edifices  of 
Greek  or  of  Boman  art. 

These  great  improvements,  however,  are  necessarily  local  and 
partial,  and  centuries  must  pase  away  before  we  can  expect  thoae 
revolutions  in  our  domestic  and  city  architecture  under  which  the  ' 
masses  of  the  people  will  find  a  cheerfal  and  well-lighted  home. 
We  must,  therefore,  attack  the  evil  as  it  exists,  and  call  upon 
science  to  give  us  such  a  remedy  as  she  can  supply. 

There  can  be  no  doubt  that  science  does  posaess  such  a  remedy 
— a  remedy,  too,  easily  underatood  and  easily  applied.  Like  all 
other  remedies,  however,  it  has  its  limits,  but  within  these  limits 
the  principles  and  methods  which  science  dictates  are  unquestion- 
able and  efficacious. 

With  rare  exceptions,  apartments  are  lighted  with  vertical  win- 
dows, which  admit  the  light  of  the  eun,  either  directly  or  when  re- 
flected from  the  sky,  or  from  adjacent  surfaces.  In  narrow  streets 
and  lanes,  the  light  which  enters  the  window  comes  chiefly  from 
a  portion  of  the  sky,  and  the  value  of  this  portion  as  an  illuminat- 
ing agent  depends  on  its  magnitude  or  area,  and  on  its  varying  dis- 
tance from  the  sun  in  his  daily  path ;  but  whether  the  area  be 
large  or  small,  bright  or  obscure,  it  is  the  only  source  of  light  which 
the  window  can  command ;  and  the  problem  which  science  pre- 
tends to  solve  is  to  throw  into  the  dark  apartment  as  mach  light  as 
passible — all  the  light,  indeed,  which  is  visible  from  the  window, 
excepting  that  which  is  necessarily  lost  in  the  process. 

In  lanes  or  closes  shut  up  at  both  ends  by  lofty  houses,  or  by 
projecting  buildings,  it  is  sometimes  only  from  a  small  portion  of 
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the  sky  towards  the  zenith  that  the  light  can  be  obtained,  and  in 
this  case  part  of  it  might  be  advantageously  throwD  into  a  window 
b;  expensive  reflectors ;  but  in  streeta  and  lanes  open  at  both  ends, 
where  a  narrow  strip  of  the  akj  is  visible  from  one  point  of  the 
horizon  to  the  opposite  point,  no  aid  whatever  can  be  obtained 
from  reflectors,  and  in  snch  cases  the  method  we  are  about  to 
describe  is  peculiarly  effective. 

If  in  a  very  narrow  street  or  lane,  we  look  out  of  a  window  with 
the  eye  in  the  same  plane  as  the  outei  face  of  the  wall  in  which 
the  window  is  placed,  we  shall  see  the  whole  of  fhe  sky  by  which 
the  apartment  can  be  illuminated.  If  ve  now  withdraw  the  eye 
inwards,  we  shall  gradually  lose  sight  of  the  sky  till  it  wholly 
disapiiears,  which  may  take  place  when  the  eye  is  only  sue  or  eight 
inches  from  its  first  position.  In  such  a  case  the  apartment  ia 
iUaminated  only  by  the  light  reflected  from  the  opposite  wall,  ox 
the  sides  of  the  stones  which  form  the  window;  because,  if  the 
glass  of  the  window  is  tie  or  eight  inches  within  the  wall,  as  it 
generally  is,  not  a  ray  of  light  can  fall  upon  it. 

If  we  DOW  remove  our  vrindow  and  substitute  another  in  which 
all  the  panes  of  glass  are  roughly  ground  on  the  outside,  and  flush 
with  the  outer  wall,  the  hght  from  the  whole  of  the  visible  sky 
aod  from  the  remotest  parts  of  the  opposite  wall,  will  he  introduced 
into  the  apartment,  reflected  from  the  innumerable  faces  or  facets 
which  the  rough  grinding  of  the  glass  has  produced.  The  whole 
window  will  appear  as  if  the  sky  were  beyond  it,  and  from  every 
point  of  this  luminous  surface  light  will  radiate  into  all  parte  of 
the  room.  In  order  to  explain  the  superior  effect  of  longhly 
ground  glass,  let  na  suppose  that  the  ordinary  window  is  replaced 
with  a  single  sheet  of  the  best  glass  inserted  flush  with  the  outer 
wall.  The  whole  of  the  light  from  the  visible  portions  of  the  sky 
will  fall  npoD  its  surface,  hut  at  such  an  obliquity  that  four  or  five 
sixths  of  it  will  be  reflected  outwards,  and  the  other  two  or  one 
sixth,  which  is  transmitted,  will  fall  on  the  floor  or  on  the  shutters, 
and  be  of  no  valne. 

In  aid  of  this  method  of  distributing  light,  the  opposite  sides  of 
the  street  or  lane  should  be  kept  white-washed  with  lime,  and  for 
the  same  reason  the  ceilings  and  walls  of  the  apartment  should  be 
as  white  as  possible,  and  all  the  furniture  of  the  lightest  colouis. 
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Having  Been  ancb  effects  produced  by  imperfect  means,  we  feel  as 
if  we  had  introdnced  our  poor  workman  or  needle-woman  from  a 
dungeon  into  a  sammer-hause,  where  the  aged  can  read  their 
Bible, — where  the  inmatea  can  aee  each  other,  and  cany  on  their 
work  in  facility  and  comfort.  By  pushing  out  the  window  we 
have  increased  by  a  few  cubic  feet  the  quantity  of  air  to  be 
breathed,  and  we  have  enabled  the  housemaid  to  look  into  dark 
comers  where  there  had  hitherto  nestled  all  the  elements  of  cor- 
ruption. To  these  inmates  the  winter  twilight  has  been  shortened, 
the  sun  has  risen  sooner  and  set  later,  and  the  midnight  lamp  is  no 
longer  lighted  when  all  nature  is  smiling  with  the  blessed  influences 
of  day. 

But  it  is  not  merely  to  the  poor  man's  home  that  these  piocesseB 
are  applicable.  In  all  great  towns,  where  neither  houses  nor  palaces 
can  be  insulated,  there  are  almost  in  every  edifice  dark  and  gloomy 
crypts  thirsting  for  light ;  and  in  the  city  of  London  there  are 
places  of  bnsiness  where  the  light  of  day  never  enters,  and  where 
the  precious  light  which  the  sky  sends  down  between  chimney  tops 
is  allowed  to  fall  useless  on  the  ground.  On  visiting  a  friend 
whose  duty  confined  him  to  his  desk  during  the  official  part  of  the 
day,  we  found  him  with  bleared  eyee  struggling  against  the  feeble 
light  which  the  opposite  wall  threw  into  his  window.  We  coun- 
selled him  to  extend  a  blind  of  fine  white  muslin  on  the  outside  of 
his  window  and  Surii  with  the  wall.  The  experiment  was  soon 
made.  The  light  of  the  sky  above  was  caught  by  the  fibres  of  the 
linen,  and  thrown  straight  upon  his  writing  tAble,  as  if  it  had  been 
reflected  from  an  oqnal  surface  of  ground  glass.  We  may  mention 
another  case  equally  illustrative  of  our  process.  A  party  visiting 
the  mausoleum  of  a  Scottish  nobleman  wilhed  to  see  the  gilded 
receptacles  of  the  dead  which  occupied  its  interior.  There  was 
only  one  small  window  through  which  the  light  entered,  but  it  did 
not  fall  upon  the  objects  to  be  examined.  Upon  stretching  a 
muslin  handkerchief  from  its  four  corners,  it  threw  such  a  quantity 
of  light  into  the  crypt  as  to  display  fully  its  contents. 

But  while  our  method  of  illuminating  dark  apartments  is  a 
great  utilitarian  agent,  it  is  also  an  Ksthetioal  power  of  some 
value,  enabling  the  architect  to  give  the  full  effect  of  his  design 
to  the  external  fa9ade  of  his  building,  without  exhibiting  to  the 
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public  eye  the  valgor  arraogeroents  which  are  required  in  its 
interior.  Our  National  Picture  G«llei7  on  the  Hound,  from  the 
heantiful  designs  of  Mr  Flayfair,  is  lighted  from  above;  bnt  there 
are  certain  small  aparlments  on  the  vest  aide  of  it  which  cannot 
be  thus  lighted,  and  these  being  very  nseftil,  the  architect  was 
ohiiged  to  light  them  by  little  windows  in  the  western  fagade. 
These  wiodows  are  dark  and  unseemly  gashes  in  the  wall,  abont 
two  feet  high  'and  one  foot  broad  ;  and  being  ud fortunately  placed 
near  the  fine  Ionic  portico, — the  principal  feature  in  the  building, 
— tbey  greatly  interfere  with  the  Bymmetry  and  beauty  of  the 
western  facade.  Had  there  been  no  science  in  Edinburgh  to 
give  counsel  on  this  occasion,  the  architect  should  have  left  his 
little  apartments  under  the  patronage  of  gas  or  oil;  but  science 
had  a  complete  remedy  for  the  evil,  and  in  the  hope  that  it  may 
yet  be  applied,  we  offer  it  to  those  who  have  the  charge  of  this 
noble  building.  Take  sheets  of  thick  plate  glass  the  exact  size  of 
Ibe  present  windows,  and  of  such  a  colour,  that  when  one  side  is 
roughly  ground  it  will  have  the  same  colour  as  the  freestone. 
When  the  openings  are  filled  with  these  plates,  having  the  ground' 
side  outwards,  the  dark  gashes  will  disappear,  the  apartments  will 
be  better  lighted,  and  the  building  will  assume  its  true  architec- 
tnral  character.  The  plates  of  glass  thus  inserted  among  the 
stones  may,  when  viewed  at  a  short  distance,  show  their  true 
outline,  but  this  could  not  have  happened  if,  during  the  building 
of  tbe  wall,  some  of  the  stones  bEul  been  left  out  and  replaced  by 
plates  of  glass  of  tbe  same  size.  This  method  of  illumination  will 
enable  architects  to  light  the  interior  of  their  buildings  by  invisible 
windows,  and  thus  give  to  its  exterior  fo^e  the  full  rasthetical 
effect  of  their  design. 

If  it  is  important  to  obtain  a  proper  illumination  of  our  apartmants 
when  the  sun  is  above  the  horizon,  it  is  not  leas  so  when  he  has 
left  UB  to  a  short-lived  twilight,  or  coDsigned  us  to  tbe  tender 
mercies  of  the  moon.  In  the  one  cose  it  is  chiefly  in  ill-con- 
struoted  dwelling- bouses,  and  in  large  towns  and  cities,  where  a 
dense  population,  crowded  into  a  limited  area,  occupy  streets  and 
lanes  in  almost  total  darkness,  that  science  is  called  upon  for  her 
aid ;  but  in  tbe  other,  we  demand  from  her  the  beet  system  of 
artificial  illumination,  under  which  we  must  spend  nearly  one- 
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third  of  onr  lives,  vbether  they  are  passed  in  the  cottage  or  in  the 
palace,  in  the  t^n  village,  or  the  crowded  city. 

When  we  pass  from  the  flickering  flame  of  a  wood  fire  to  roda  of 
pine  wood  charged  with  tDrpentine — from  the  cylinder  of  tallow 
to  the  vase  filled  with  oil — from  wax  lights  to  the  flame  of 
gas,  aod  from  the  Utter  to  the  electric  light, — we  see  the  vast  and 
rapid  stride  which  ait  and  science  have  taken  in  the  illumination 
of  our  houses  and  streets.  We  have  now  ohtained  sufflcieut 
sources  of  light ;  we  require  only  to'  use  it  safely,  economically, 
and  salnbriooBty.  The  method  which  we  mean  not  only  to  recom- 
mend, but  to  press  upon  the  public  attention,  unites  the  three 
qualities  which  are  essential  in  house  illumination ;  but  till  our 
legislators  and  architects,  and  the  leaders  of  public  opinion,  shall 
be  moro  alive  to  the  importance  of  scientific  tmthe,  in  their  practical 
phase,  we  can  have  no  hope  of  its  general  adoption.  True  know- 
ledge, however,  advances  with  time.  Vulgar  prejudices  are 
gradually  worn  down,  and  in  less  than  a  century,  whether  we  have 
the  electric  light  or  not,  we  shall  have  our  artificial  suns  shedding 
their  beneficial  rays  under  the  guidance  of  science. 

The  present  method  of  lighting  our  houses  by  burning  the  lights 
within  its  apartments,  is  attended  with  many  evils.  The  intoler- 
able increase  of  temperature  in  well  lighted  rooms,  whether  they 
aro  occupied  with  small  or  large  parties — the  rapid  consumption 
of  the  oxygen  which  our  respiratory  system  requires  to  bo 
undiminished' — the  offensive  smell  of  the  nnconsumed  gas — the 
stench  of  the  oleaginous  products  of  combustion — the  damage  done 
to  gilded  furniture  and  picture  frames, — the  positive  injury 
inflicted  upon  the  eye  by  the  action  of  a  number  of  scattered  lights 
upon  the  retina, — and  the  risks  of  fire  and  explosion, — are 
strong  objections  to  the  system  of  internal  illumination.  About 
half  a  century  ago  I  proposed  to  illuminate  our  houses  by 
burning  the  g^  eztemallj,  or  placing  it  within  the  walls 
of  the  house,  or  in  any  other  way  by  which  the  products  of 
combustion  should  not  vitiate  the  air  of  the  apartment.  The  plan 
was  received  with  a  smile.  It  had  not  even  the  honour  of  being 
ridiculed.  It  was  too  Quixotic  to  endanger  existing  interests,  or 
tread  upon  vested  rights.  Owing  to  the  extended  nee  of  gas, 
however,  its  evils  became  more  generally  felt,  especially  when  Iarg« 
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assemblBgeB  of  penona  were  for  many  honre  exposed  to  them  ;  but 
no  attempt  was  made  to  alter  tbe  exieting  system  till  1839,  wben 
a  Committee  of  the  House  of  Commons  was  appointed  to  inquire 
into  th«  best  method  of  lighting  tbe  house.  Many  eminent  indi- 
viduals were  examined ;  and  in  consequence  of  the  report  of  the 
.  Committee,  tbe  new  system  was  adopted  of  lighting  from  without, 
or,  in  which  tbe  air  breathed  by  the  members  is  entirely  separated 
from  the  air  which  supplies  the  burners.  A  similar  change  has 
been  made  in  lightJiig  many  other  public  halls ;  hut  the  new  system, 
in  its  most  general  aspect,  has  been  carried  out  in  ooe  of  the 
principal  apartments  in  Buckingham  Palace,  where  the  light  radi- 
ates from  the  roof,  as  if  from  the  sky  above,  without  any  of  tbe 
twurces  of  light  being  visible.  This  method,  of  course,  can  be 
adopted  only  in  balls,  oi  apartments  with  an  external  roof.  In  all 
other  oases  difGoulties  must  be  encountered  in  houses  already  built ; 
but  we  have  no  doubt  that  tbe  ingenuity  of  the  engineer  and  archi- 
tect wilt  overcome  them,  whether  the  method  is  to  be  accommodated 
to  old  buildings,  or  applied  in  its  most  perfect  state  to  houses 
erected  on  purpose  to  receive  it.  But,  however  great  may  be  these 
difficulties,  it  is  fortunate  that,  whether  we  are  to  have  tbe  advan- 
tage of  the  electric  light,  or  of  a  purer  fonn  of  carburetted  hydrogen 
gas,  the  mode  of  distributing  it  will  be,  generally  speaking,  the 
SMme,  and  ve  therefore  need  not  hesitate  to  introduce  tbe  new 
method  on  the  ground  that  it  may  be  superseded  by  another. 

Having  so  recently  escaped  from  the  inhumanity  of  a- tax  which 
prohibited  the  light  and  air  of  heaven  from  entering  our  dwellings, 
fire  trust  that  tbe  governments  of  Europe  will  freely  throw  these 
preciona  influences  into  the  dork  abodes  of  their  overcrowded  cidu, 
and  that  wealthy  and  philanthropic  individuals  wiU  promote  the 
same  object  in  more  limited  spheres,  and  set  the  example  of  light- 
ing, heating,  and  ventilating,  according  to  the  principles  of  science. 
Dr  Arnott  has  already  taught  us  how  to  heat  our  apartments  with 
coal  fires,  without  breathing  either  tbe  gases  or  the  dust  which 
tbey  difi'use.  Why  should  we  delay  to  light  them  also  without 
breathing  a  noxious  gas,  and  overlaying  the  organs  of  respiration 
with  the  nameless  poisons  generated  in  the  combustion  of  the 
animal  and  vegetable  euhstances  employed  in  the  furnishing  of  our 
apartments. 
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I  c&Dnot  conclude  these  obseTrationB  without  refeiriiig  to  the 
Dee  which  may  be  mode  of  them  in  oui  own  city,  notorioDS  for  the 
Dumber  of  its  d&rk  and  nBrrow  lanes,  and  for  the  thoDsands  of 
Qolighted  and  anventilated  dwellings  which  they  contain.  The 
devoted  men  who  Tentnre  daily  into  these  abodes  of  malaria  and 
uncleannees,  can  alone  describe  to  us  the  cimmeiian  darkness  and 
the  tainted  atmosphere  in  which  their  pallid  occnpants  live,  and 
more,  and  have  their  being.  They  alone  can  paint  the  harrowing 
scenes  which  disease  and  destitution  present  to  them  in  these 
joyless  homes.  To  what  extent  evils  tike  these  can  be  remedied 
it  is  a  sacred  duty  to  inquire.  To  what  extent  they  will  be  re- 
medied by  the  large  and  expensive  sanitary  measures  now  contem- 
plated, we  do  not  venture  to  predict ;  but  it  is  very  obvious,  that 
the  upper  and  lower  ends  of  the  offeDsive  lanes,  which  are  to  he 
intersected  by  the  new  streets,  can  derive  little  benefit  from  them 
in  respect  of  ventilation,  and  none  whatever  in  giving  additional 
light  to  the  bouses  which  remain. 

The  only  effectual  mode  of  ventilating  and  lighting  a  dark  and 
crowded  apartment  is,  to  strike  out  a  large  opening  in  the  wall  for 
the  fresh  admission  of  air,  and  to  construct  the  window  which  is  to 
close  it  so  as  to  give  the  most  copious  entrance  to  the  light  of  the 
sky.  A  process  so  cheap,  so  easily  executed,  and  so  obviously  efTeo- 
tual,  ought  to  be  the  very  first  step  in  any  measure  of  sanitary 
reform ;  and  it  is  clearly  oDe  which,  if  not  effected  by  the  philan- 
thropy of  the  public,  ought  to  be  enjoined  by  Act  of  Parliament  upon 
the  house  proprietors  individually,  or  npon  the  citizens  at  large. 

In  giving  expreeaion  to  these  opinions  I  did  not  expect  to  have 
tbem  instantly,  and  in  every  point,  confirmed  by  one  of  those 
devoted  men  to  whom  I  have  referred  aa  the  visitors'  of  the  dwell- 
ings of  the  poor.  "The  oioser,"  says  this  anonymoua  philan- 
thropist, in  an  article  published  within  these  few  days,*  "  we  look 
into  the  statt  of  the  homes  of  the  poor  in  this  city,  the  greater 
seems  the  extent  of  misery  and  degradation  to  be  grappled  with, 
and  the  more  are  we  convinced  that  any  sanitary  scheme  which 
does  not  contemplate  the  internal  improvement  of  the  dwelling- 
houses  as  one  of  its  chief  olgects,  will  never  go  to  the  roof  of  the 
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evil.  The  opening  of  new  streets  will  not  alone  be  Bufficiect;  the 
hoUBOB  that  remain  must  be  so  altered  that  tbey  will  admit  light 
and  fresh  air,  which,  in  many  caaes,  are  at  present  almost  entirely 
excluded.  We  have  visited  dwellings  in  the  Grassmarket  and  West 
Port,  situated  in  airy  localities,  but  which,  by  simply  being  out  of 
repair  and  not  having  sufficient  ventilation,  are  really  uninhabitable. 
We  cannot  insist  too  strongly  on  the  absolute  necessity  there  is 
for  the  authorities  directing  their  attention  to  tbis  point.  Where 
proprietors  receive  a  sufficient  return,  they  must  be  compelled  to 
do  their  duty  in  this  respect;  and  in  cases  where  they  can  on  good 
ground  plead  inability,  the  work  mast  be  done  for  them.  The  labont 
is  BO  formidable  that  it  will  task  the  whole  energies  of  the  civic 
authorities,  and  yet  leave  much  to  be  done  by  private  benevolence." 
In  proceeding  to  give  you  a  brief  notice  of  the  Fellows  of  the 
Society  who  have  died  during  the  present  year,  I  regret  to  say 
that  their  number  is  greater  than  usual,  and  that  we  have  to  lament 
the  loss  of  some  of  our  most  distinguished  membeie. 

David  Gbaigix,  an  eminent  Physician,  was  bom  in  Leith  on  the 
6th  June  1793.  He  entered  the  TTniversity  of  Edinburgh  in  1609, 
where  he  was  diBtinguisfaed  by  hie  classical  acquirements  and  by 
his  successful  study  of  several  of  the  Eaetera  languages,  especially 
Hebrew  and  Persian.  In  1816  he  took  the  degree  of  M.D.  in  the 
University — the  subject  of  his  thesis  being  De  Vita  Animali. 
In  1818  he  became  a  Member,  and  in  1819  one  of  the  FresidentB 
of  the  Boyal  Medical  Society.  Soon  after  tbis  he  gave  two  courses 
of  lectures  on  Anatomy.  Between  1820  and  1827  he  assisted 
Dr  Andrew  Duncan  in  the  editorship  of  the  "The  Edinburgh 
Medical  and  Surgical  Journal,"  which  Dr  Duncan  had  founded  in 
1805.  In  1827  Dr  Chiistison  joined  Dr  Graigie  in  editing  this 
important  journal,  and  thie  joint  editorship  continued  till  1832, 
when  Dr  GhiJetison  was  appointed  to  the  Chair  of  Materia  Medica, 
and  from  that  time  till  185S  Dr  Craigte  was  its  Bole  proprietor  and 
editor.  In  1832  Dr  Craigie  was  elected  a  Fellow  of  the  Boyal 
College  of  PbyBicians,  and  in  the  following  year  a  Fellow  of  the 
Boyal  Society,  to  whose  Transactions  he  does  not  seem  to  have  con- 
tributed. In  1833  he  succeeded  Dr  James  Gregory  as  physician  to 
the  Boyal  Infirmary ;  and  while  he  lectured  on  Practical  Medicine, 
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he  gave  a  course  of  Clinical  Medicine,  and  published  for  several 
years  Clinical  Beports,  which  contain  much  valuable  information. 

For  a  number  of  years  from  1846  Dx  Craigie  was  prevented  by 
ill  health  from  carrying  on  the  active  duties  of  his  profession,  but 
he  hod  BO  far  recovered  in  1858  that  be  was  appointed  one  of  the 
£zaminerB  of  the  College  of  FhysiciaoB,  a  duty  which  on  several 
occasions  he  performed  for  the  University  of  St  Andrews,  who  gave 
Degrees  to  candidates  who  had  not  studied  at  the  United  College. 

In  December  1861  he  wae  elected  President  of  the  Boyal  College 
of  Physicians,  and  he  was  able  to  preside  at  the  dinner  given  on 
the  12th  October  1863  to  the  Social  Science  Congress,  at  which 
Prince  Alfred,  Lord  Brougham,  and  other  eminent  individuals  were 
present.  His  health  now  began  to  give  way;  hut  though  be 
regained  it  after  a  journey  to  Devonshire,  aymptome  of  a  serious 
disease  appeared,  and  be  died  on  the  17th  Hay  1866,  when  he  had 
nearly  completed  his  seventy-third  year. 

Dr  Craigie's  principal  worka  are  his  ''  Elements  of  General  and 
Pathological  Anatomy,"  and  bis  "  Elements  of  the  Practice  of 
Medicine,"  both  of  which  have  been  much  esteemed  by  the 
medical  profession.  The  first  of  these  was  published  in  1828,  and 
was  republished  in  1818  in  a  second  and  enlarged  edition.  The 
second  appeared  in  1836,  and  displayed  great  emdition  and  pro- 
fessional knowledge,  but  owing  to  the  high  price  at  which  it  was 
published  it  bad  a  comparatively  limited  circulation. 

Sir  John  Hepbubk  Stuart  Fobbis  was  bom  at  Dean  House, 
Edinburgh,  on  the  25tli  September  1804.  He  was  the  second  son 
of  Sir  William  Forbes,  who  was  a  Fellow  of  this  Society  from  1804 
till  his  death,  and  who  wae  frequently  a  Member  of  Council.  Sir 
William  wu  an  early  friend  of  Sir  Walter  Scott,  who  in  the  fourth 
canto  of  Marmion,  inscribed  to  his  brother-in-law,  Mr  Skene,  thus 
justly  describes  him  : — 

And  than  and  I  and  dear  loved  B — (Bae), 

And  one  whose  name  I  may  not  say, 

Vol  not  Himosa'a  tender  trae 

Shrinks  sooner  from  Ibe  tonofa  than  be. 
Sir  William,  the  grandfather  of  Sir  John,  and  thb  author  of  the 
life  of  Dr  Beattie  (who  became  in  17S3  an  original  Member  of  tbe 
Royal  Society),  was  in  tbe  same  poem  thus  truly  oharacterised  :— 
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Bcatce  btd  Umeated  Foibea  paid 
The  tribute  to  his  Uinstrel's*  shade  i 
The  tale  of  friendship  scarce  was  told 
Ere  the  nsirator's  heart  was  cold  ; 
Far  may  we  seaicb  hefore  ws  find 
A  heart  so  maal?  and  bd  kind. 

If  mortal  charity  dare  olaiiu 
Hie  Almigbt7'8  atttibnted  name, 
Inscribe  above  his  mouldering  claj — 

"  The  widow's  shield,  the  orphan's  stay/'t 

After  a  complete  coutbb  ofi  study  at  the  UniTersity  of  Ediobui^b, 
Sir  John  passed  as  Advocate  in  1826,  and  be  would  have  pursued 
the  profession  of  the  law,  but  for  the  death  of  his  elder  brdtber 
in  1826,  and  of  his  father  in  1828,  wbeu  he  eucoeeded  to  the 
baronetcy.  In  1833  he  was  elected  a  Member  of  this  Society,  and  in 
1834bemarriedLady  Harriet  Kerr,  the  third  daughter  of  the  Bixth 
Marquis  of  Lothian.  Soon  after  this  event  he  left  Edinburgh,  where 
his  father  and  grandfather  had  resided,  and  lived  almost  wholly  at 
Fettercaim  House,  where  he  occupied  himself  nearly  exclusively  in 
the  management  of  his  estates,  and  in  the  discbarge  of  those 
numerous  duties  of  patriotism  and  charity,  which  are  so  cheerfully 
and  nobly  performed  by  our  Scottish  landbolders.  Six  John  was  for 
many  yeara  an  active  member  of  the  Highland  and  Agricultural 
Society  of  Scotland,  and,  for  some  time  acted  as  its- Treasurer.  He 
was  particularly  interested  in  the  advancement  of  agriculture  as  a 
science  as  well  as  an  art,  and  be  exerted  himself  in  vain  against 
the  miserable  parsimony  of  the  Government  to  obtain  a  better 
endowment  for  the  Agricultural  Chair  in  our  University.  . 

In  1857  Sir  John  was  appointed  Convener  of  Kincardineshire, 
the  duties  of  which  he  discharged  with  exemplary  diligence, 
devoting  himself  to  the  business  of  the  county  with  a  zeal  and 
self-sacrifice  which  the  public  did  not  fail  to  appreciate,  At  all 
hours  and  in  oil  weathers  he  was  fouud  at  bis  post,  even  while 
labouring  under  attacks  of  what  proved  to  be  a  mortal  disease. 

■  Dr  Beattie'i  principal  poem. 

t  In  a  note  upon  this  paseage  8iT  Walter  sajs : — '-  Sir  William  Forbes  of 
Pitallgo,  Bart.,  unequalled  perhaps  io  the  indiTidnsl  affection  entertained  for 
him  bj  his  friends,  as  well  as  in  the  general  reepect  and  esteem  of  Scotland 
at  large."    8«e  Mormon,  canto  iv.  note  ii. 
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Sir  John  ooqaiied  at  the  UoiTerBity  of  Edinburgh  a  taste  for 
scieDtific  pursuits.  He  was  particularly  attached  to  geology  and 
meteorology,  and  he  was  oue  of  the  founders  of  the  Meteorological 
Society  of  Scotland,  which  under  hia  vice- presidency  and  the 
presidency  of  the  Marquis  of  Tweeddsle  was  doing  valuable  work 
for  that  important  branch  of  scientific  research. 

After  an  illness  of  some  months'  duratioD,  Sir  John  died 
in  London  on  the  28th  May  186S,  iD  the  sixty-second  year  of 
his  age,  and  was  succeeded  in  the  baronetcy  by  his  nephew,  Mr 
William  Forbes.  He  left  an  only  daughter,  who  was  married  in 
1858  to  the  Hon.  C.  B.  Trefuais,  M.P.,  now  Lord  Clinton. 

The  Rev.  Jahbs  Miotarlamb  was  the  eon  of  the  Rev.  John 
Macfarlane,  Bridgton,  (Glasgow,  and  was  born  at  Waterbeck, 
Dumfriesshire,  on  the  27th  Apiil  1808.  After  receiving  his 
elementary  edncation  at  the  High  School  of  Glasgow,  he  entered 
the  University  there,  and  distinguished  himself  both  as  a  classical 
scholar  and  as  a  student  of  Divinity,  While  at  College  he 
obtained  the  degree  of  Master  of  Arts,  and  subsequently  that  of 
Doctor  of  Divinity,  and  in  1865  he  was  appointed  Moderator  of  the 
General  Assembly  of  the  Church  of  Scotland.  He  was  licensed  by 
the  Presbytery  of  Glasgow  in  1830,  and  ordained  in  1881  as  pastor 
of  the  East  Church  in  Stirling.  In  1832  he  was  translated  to  St 
Bernard's  Church  in  Edinburgh,  and  in  1840  he  was  presented  to  the 
liviug  of  Dnddingston,  where  he  continned  to  discharge  his  duties 
as  a  parish  minister  faithfully  and  efBcieutly  till  his  death,  which 
took  place  on  the  6tb  of  February  1866,  in  the  58th  year  of  his  age. 

Jauxs  Duncan,  M.D.,  an  eminent  physician,  was  bom  at  Perth 
on  the  2d  November  1810,  and  was  the  oniy  son  of  Mr  Duncan,  of 
the  well-known  firm  of  Duncan,  Flookhart,  and  Co.  After  receiving 
his  early  education  at  Perth,  and  at  the  High  School  of  Edinburgh, 
he  entered  the  University,  and  took  the  degree  of  M.D.  in  1831. 
In  the  same  year,  he  became  a  Fellow  of  the  Royal  College  of  Sur- 
geons in  London,  and  in  1835  a  Fellow  of  tbe  Boyal  College  of  Sur- 
geons in  Edinburgh.  He  spent  about  two  years  on  the  Continent, 
and  prosecuted  the  study  of  anatomy  and  surgery  at  the  medical 
schools  of  France,  Germauy,  Austria,  and  Ita^y.    On  his  retimt 
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(o  Scotland,  he  acted  as  houxe^Burgeon  to  oar  emineot  cooDtryman 
Mr  LJBton,  in  the  Infirmary  of  Edinbnrgh,  and  in  the  hoflpital  of 
Univeraity  College,  London.  In  1837  Dr  Duncan  settled  in  Edin- 
borgh  as  a  medical  practitioner,  nhere  he  rose  to  great  eminence, 
and  enjoyed  the  largaat  general  practice.  He  was  Burgeon  to  the 
Royal  Infirmary  for  many  years,  and  in  that  capacity  delivered 
lectDrea  on  clinical  Bnrgery.  He  waa  elected  a  Fellow  of  this  Society 
in  18>)8 ;  bat  though  be  wae  the  author  of  many  valuable  papera 
in  the  medical  journals,  he  did  not  contribute  to  out  Tianaactions. 
Br  Duncan  was  in  the  habit  of  spending  a  few  weeks  in  the 
country  every  autumn,  as  a  relaxation  from  the  duties  of  hisexten- 
Bive  practice.  In  July  1866  he  went  to  the  Continent  with  his 
wife  and  family,  committing  to  his  son  the  obarge  of  his  patients 
in  Edinburgh.  During  a  few  days'  residence  in  Paris,  when  the 
cholera  prevuled,  he  seema  tti  have  imbibed  the  germs  of  that  fata) 
disease.  On  the  I2th  of  August  he  was  attacked  with  diaribcea, 
whicb  so  completely  yielded  to  its  usual  treatment  that  be  weut 
next  day  to  Orleans,  from  Orleans  he  went  to  Tours,  where,  on 
the  15th,  he  was  attacked  with  cholera,  whiob  proved  fatal  on  the 
16th  August,  in  the  56th  year  of  his  age. 

JoHX  Cat,  of  North  Obatlton,  in  the  county  of  Northumber- 
land, was  bom  in  Edinbni^h  on  the  Slet  August  1790,  and  was 
the  eldest  son  of  Mi  Eobert  Hodefaon  Eay,  of  Nortb  Charlton, 
Judge  Admiral  of  Scotland.  He  was  edaoated  at  the  High  School 
and  University  of  Edinburgh,  and  was  admitted  into  the  Faculty 
of  Advocates  in  1812.  Id  1822  he  was  appointed  Sheriff  of  tbe 
county  of  Linlithgow,  an  office  which  he  held  for  forty-three 
years,  and  the  duties  of  which,  as  a  sound  lawyer  and  a  judicious 
judge,  he  disoharged  with  great  credit  to  himself  and  great  satis- 
faotion  to  the  public.  Mr  Cay  took  a  great  interest  in  the  literary 
and  scientific  institutionB  of  Ediuburgh.  He  was  elected  a  Fellow 
of  the  Boyal  Society  in  1821,  and,  contributed  to  its  TransaotiouB  a 
short  notice  of  a  bronze  spear-head  found  on  hia  property  in 
Northumberland.  He  was  also  a  Member  of  tbe  Boyal  Scottish 
Society  of  Arts,  and  was  one  of  tbe  annual  Presidents  of  that  im- 
portant institution.  Mr  Cay  was  the  author  of  a  work  on  "  The  He- 
form  Act,"  juid  of  two  small  pamphlets— one  an  "  Analyaia  of  the 
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Burgh  Begistmtion  Act,"  and  the  other  entitled,  "Oatlinesof  the 
Procedure  at  Elections  for  Members  of  Parliament."  When  Mr 
Cay  was  residing  at  BarDtielaud  in  Augnet  1865,  he  accidentally 
fell,  and  receiyed  a  seTere  fracture  of  the  thigh-bone.  Hie  natnially 
robust  constitution  at  first  gave  hopes  of  his  recovery ;  bat  these 
hopes  were  disappointed,  and  after  much  sufTeriog,  bom  with  great 
Christian  resignation  and  patience,  he  died  in  December  186S,  in 
the  75th  year  of  his  age. 

John  AnoHisALn  Caufbxll,  Clerk  to  the  Signet,  and  Sheriff- 
Clerk  of  Mid-Lothian,  was  bom  in  the  year  1788,  and  was  the  sod 
of  John  Campbell,  Esq.  of  The  Citadel,  Leith.  In  1813,  he  was 
admitted  into  the  Society  of  Writers  to  the  Signet.  From  that 
year  to  1816,  he  was  joint  Crown  Agent ;  and  from  1843  to  1859, 
when  he  retired  into  private  life,  he  was  Sheriff-Clerk  of  Mid- 
Lothian.  Hr  Campbell  was  the  founder  or  joint-founder  of  some 
of  the  most  thriving  inetitutions  in  Edinburgh,  and  he  took  an 
active  part  in  those  municipal  changes  in  which  the  public  were 
so  deeply  interested. 

Mr  Campbell  took  a  great  interest  in  archteological  researchea. 
He  was  a  Member  of  the  Antiquarian  Society,  and  of  the  Boyal 
Society  of  Arts,  and  be  was  elected  a  Fellow  of  this  Society  in 
1837.  He  died  in  Edinburgh  on  the  7th  September  1866,  in  the 
78th  year  of  his  age. 

Jaubs  Ivokt,  one  of  the  "Lotie  of  Session,  was  born  at  Dundee 
on  the  29th  February  1792,  and  was  the  son  of  an  engraver  of 
great  mechanical  skill,  and  superior  literary  attainments.  He  was 
educated  at  the  Dundee  Academy,  and  acquired  there  a  taste  for 
mathematics,  which  be  afterwards  cultivated,  aod  found  an  agree- 
able relaxation  during  the  rest  of  his  life.  His  devotion  to  mathe- 
matics was  no  doubt  encouraged  by  bis  uncle,  James  Ivory,  E.H., 
who  was  one  of  the  most  eminent  of  our  Scottish  mathematicians. 
Hr  Ivory  was  educated  at  the  University  of  Edinburgh,  where  he 
was  distingnisbed  by  his  literary  as  well  as  his  matbematioal 
acquirements.  In  1816  he  was  called  to  the  Scottish  Bar,  where  he 
soon  rose  to  great  eminence  in  his  profession.  In  1830,  Lord 
Jeffrey  appointed  him  one  of  bis  depute- advocates,  and  in  1832 
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be  was  appointed  Sheriff  of  Caithness.  In  the  following  year  he 
was  transferred  to  the  SlieriflTdoni  of  Bnte,  and  in  1839,  he  was  ap- 
pointed Solicitor-GeDerol  for  Scotland.  In  the  following  year  he 
was  appointed  one  of  the  Loids  of  Session,  and  in  1849  one  of  the 
Judges  in  the  Ooort  of  Justiciary.  In  the  same  year  he  w.as 
elected  a  Fellow  of  this  Society.  In  these  various  legal  oScea 
which  Lord  Ivory  filled  his  judgments  were  distinguished  by  tbeir 
great  soundDess,  as  well  as  by  the  elegant  diction  in  which  they 
were  expressed. 

Before  be  was  called  to  the  Bar,  Lord  Ivory  published  a  treatise 
on  the  Form  of  Process,  and  in  1827,  the  first  volume  of  his 
edition  of  Erskine's  Institutes,  the  second  volume  of  which  ap- 
peared some  years  afterwards.  In  consequence  of  ill  health.  Lord 
Ivory  resigned  his  seat  on  the  bench  in  1862.  Since  that  time, 
his  health  gradually  declined,  and  he  was  carried  off  by  a  stroke 
of  paralysis  on  the  17th  October  1866,  in  the  74th  year  of  bis  age. 

Lord  Ivory  was  married,  in  1817,  to  the  daughter  of  Mr  Lawrie, 
Deputy- Gazette  Writer  for  Scotland.  His  eldest  sou,  Mi  Thomas 
Ivory,  is  counsel  to  the  Commissioners  of  Woods  and  Forests ;  and 
bis  third  son,  Mr  William  Ivory,  Sheriff  of  InvemesB-shire. 

John  Fhbdkeice  Louis  HAnaiuinT,  a  distinguished  geologist  and 
mineralogist,  was  bom  at  Hanover  on  the  22d  February  1782. 
After  completing  his  studies  at  Brunswick  and  Gottingen,  he  was 
appointed  in  1803  to  a  situation  in  the  administration  of  the  Mines 
at  Brunswick,  and  in  1806  he  made  a  geological  tour  through  Nor- 
way and  Sweden.  In  1809  he  was  appointed  by  the  government 
Inspector  General  of  the  Mines  and  Saltworks  of  Westphalia,  but 
be  soon  resigned  this  office  in  order  to  devote  himself  to  the  study 
of  Mineralogy.  In  1811  be  was  appointed  Professor  of  Mineralogy 
and  Geology  in  the  University  of  Gottingen,  and  while  he  filled 
this  important  chair,  be  devot«d  himself  to  the  examiuatioD  of  the 
Harz  Mountains,  and  made  many  geological  excursions  in  Sweden, 
Holland,  France,  Spain,  and  England.  He  was  councillor  of  state 
in  Hanover,  an  active  member  of  the  Boyal  Society  of  Gottingen, 
and  a  Conesponding  Member  of  the  Academy  of  Sciences,  in  the 
Imperial  Institute  of  France. 

Professor   Hanamann   was  the  author  of  various  Articles  and 
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Hemoiis  id  the  GermaD  Jouraals,  and  iu  the  TraDaactioDS  of  the 
Boyal  Society  of  GottingeD,  aod  of  several  Beparate  works  od 
Chemistry,  G^logy,  and  the  Uiuea  of  GermaDy ;  but  his  chief 
productions  are  his  "  Travels  in  rarious  parts  of  Soandinavia,"  pub- 
lished in  five  Tolomee  between  1611  and  1618,  and  his  "Hannal  of 
Mineralogy,"  published  in  1813,  and  reprinted  in  1828  and  1847. 

Henri  Dabwin  Rogibb,  LL.D.,  F.B.S.,  and  F.G-.S.,  a  distin- 
guisbed  American  Geologist,  ProfesBor  of  Geology  in  the  UniverBity 
of  Glasgow,  and  one  of  the  Foreign  Members  of  this  Society,  was 
bom  in  Philadelphia  on  the  lit  of  August  1808,  and  was  the  third 
of  four  brothers,  all  of  whom  have  been  devoted  to  the  cultivation 
and  teaching  of  Physical  Science,  their  father  Dr  Patrick  Een 
Bogers,  having  himself  been  ProfeBHor  of  Natural  Philosophy  and 
Chemistry  in  the  College  of  "William  and  Maiy"  iu  Virginia. 
At  the  early  age  of  twenty-two  he  was  elected  Profeasor  of  Natural 
History  and  Physice  in  Dickinson  College,  CarliBle,  hut  being 
deBironBofimprovement,he  resigned  his  chair,  and  spent  above  a  year 
in  England,  where  he  studied  Analytical  Chemistry  in  the  laboratory 
of  Dr  Edward  Turner,  and  had  the  privilege  of  accompanying  Sir 
Henry  De  la  Beche  in  bis  geological  excursions. 

On  his  return  to  Philadelphia  he  vas  appointed  to  the  chair  of 
Geology  in  the  University  of  that  city,  and  while  discharging  its 
duties,  which  he  did  for  many  years,  he  carried  on  many  important 
scientific  researches.  Along  with  Professor  A.  D.  Baohe,  he  made 
an  esteneive  series  of  Eiperiments  on  the  Ashes  of  Coal,  and  in 
conjunction  with  his  brother  W.  B.  Bogera,  he  made  Aperiments 
on  "  The  Laws  of  the  Elementary  Voltaie  Battery." 

The  first  fruits  of  his  geological  labours  was  his  Beport  of  the 
Survey  of  the  state  of  New  Jersey,  which  he  published  in  1835 
with  a  large  geological  map.  While  engaged  in  that  survey 
he  was  employed  by  the  legislature  to  make  a  survey  of  the 
great  state  of  Pennsylvania,  and  to  this  herculean  task  he  de- 
voted many  years  of  his  life.  It  commenced  in  1836,  and 
with  the  aid  of  a  staff  of  able  coadjutors,  it  was  completed  in 
1855,  and  published  in  three  volumes,  undei  the  title  of  "  The 
Geology  of  Pennsylvania,  a  Government  Survey,  with  a  General 
Survey  of  the  Geology  of  the  United  States,  Essay  on  the  Goal 
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FormatioD  and  ita  FosailB,  apd  a  deBoription  of  the  Goal  Fields 
of  North  America  and  Great  Britain."  Tliia  great  work,  which  woa 
printed  and  publishad  in  Edinburgh,  appeared  in  1858,  and  is 
illaatrated  with  an  immense  number  of  maps,  geological  aectiona, 
sketches  of  scenery,  and  fosails,  executed  by  Keaers  W.  and  A.  K. 
Johnston.* 

It  was  daring  the  progress  of  this  great  snrre;  that  Professor 
Bogers  and  bis  brother  ahead;  mentioned,  who  was  in  charge  of  the 
survey  of  the  state  of  Vii^nia  produced  their  remarkable  Hemoir 
"  On  the  Physical  structure  of  the  Appalachian  Chain,  as  exempli- 
fying the  laws  which  have  regulated  the  EleTation  of  Uountain 
Chains,  <&c,"  This  Hemoir  excited  a  deep  interest  when  read  at 
the  meeting  of  the  association  of  geologists  and  naturalists  which 
was  held  at  Boston  in  1842,  and  it  has  been  published  in  its  memoirs 
for  that  year,  FrofeHsor  Bogers  was  one  of  the  founders  of  the 
association  which  was  expanded  into  the  Association  for  the  Ad- 
vancement of  Science. 

After  having  given  to  the  world  the  results  of  his  geological 
lesearches,  he  took  up  his  residence  at  Boston,  devoting  himself  to 
his  favourite  studies,  and  occosionaUy  delivering  courses  of  lectures 
in  the  Lowell  Institute,  which  he  did  with  a  readiness  and  felicity 
of  diction  rarely  exhibited  by  the  cultivators  of  physical  science. 

While  in  Edinhuigh,  engaged  in  the  publication  of  his  great  work, 
a  vacancy  took  place  in  the  Regius  Professorship  of  Natural  History 
in  the  Dniversity  of  Glasgow,  and  through  the  influeooe,  we  believe, 
of  the  Duke  of  Argyll,  he  was  appointed  to  that  chair  in  1857.  The 
lectures  which  he  delivered  in  this  new  position  were  greatly 
admired,  and  he  might  have  looked  forward  to  many  years  of  rest 
from  the  toils  of  his  early  life ;  but  in  the  severe  exposures  which  he 
endured  in  his  geological  anrveys,  his  constitution  was  so  enfeebled, 
and  in  the  composition  and  superintendence  of  his  great  work  be 
had  so  overworked  his  mind,  that  his  colleagues  observed  for  two 
or  three  years  a  gradual  failure  of  health,  whioh  terminated  fatally 
at  Glasgow  on  the  29th  of  May  1866,  in  the  68th  year  of  his  age. 

AiAN  STiTXNgoN,  an  eminent  engineer,  was  bom  in  Edinburgh, 
*  Abtynt  the  evat  time  Profoisot  Rogers  pabliehod  an  elaborate  paper  "On 
the  Origin  nf  the  Appalachian  Coal  Strata,  BitamfnonB  and  Authracite." 
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in  1807,  aod  was  the  eldest  bod  of  Mr  Bobert  StevODBOn,  eugrneer 
to  the  Scottish  Lighthouse  Board.  He  vaa  educated  at  the  High 
School  and  Univeieity  of  Edinhnrgh,  where  be  obtained  the 
Felloes'  Prize  as  an  advanced  student  of  Natural  Philosophy. 
Id  1826  he  took  the  degree  of  T&.k.,  and  in  1840  the  University  of 
Glasgow  conferred  on  him  the  degree  of  LL.B. 

Altbongh  be  bad  himself  desired  to  study  for  the  Obnrcb,  yet  he 
was  afterwards  led  to  adopt  the  profession  of  a  civil  engineer,  for 
which  be  was  so  highly  qualified  by  bis  preyions  education.  For 
many  years  be  was  Clerk  of  Works  to  the  Scottish  Lighthouse 
Board,  and  on  the  death  of  his  father  in  1642  be  succeeded  him  as 
tbeii  eo^neer  in  chief. 

During  the  comparatively  short  time  that  his  health  enabled  him 
to  discharge  its  duties,  he  erected  several  Lighthouses  on  the 
Scottish  coast,  the  most  important  of  which  is  that  at  Skerryvore,  a 
magnificent  work,  which  is  not  suipassed  by  any  similar  structure 
in  the  world.  It  was  began  in  1838,  and  completed  in  1644. 
The  Eddystone  Lighthouse,  by  the  celebrated  Smeaton,  and  that 
on  the  Bell  Bock,  by  Mr  Bobert  Stevenson,  lose  their  grandeur  when 
placed  in  comparison  with  the  gigantic  tower  at  Skerryvore.  An 
interesting  account  of  this  great  work  was  published  by  Mr  Steven- 
son in  1848,  under  the  title  of  "  Account  of  the  Skerryvore  Light- 
house, with  notes  on  the  Illumination  of  Lighthouses." 

In  1850  he  published  a  very  valnable  work,  entitled  "  A  Rudi- 
mentary Treatise  on  the  History,  Construction,  and  Illumination  of 
Lighthouses." 

To  his  great  accomplishments  as  a  civil  engineer,  Mr  Stevenson 
added  classical  acquirements  of  no  oidinary  kind.  He  bad  mastered 
the  languages  of  Greece  and  Bome,  and  acquired  a  critical  knowledgs 
of  Italian  and  Spanish. 

In  1852,  when  a  severe  nervous  afTection  had  unfitted  him  for  the 
duties  of  bis  office,  be  beguiled  bis  hours  of  sufTering  by  translating 
into  English  verse  the  ten  hymns  of  Synesius,  Bishop  of  Gyrene. 
These  translations,  witb  some  pieces  of  bis  own,  were  printed  in  the 
present  year  for  private  circulation,  and  have  been  much  admired. 

Mr  Stevenson  was  elected  a  Fellow  of  this  Society  in  1636. 
He  was  a  Member  of  the  Institution  of  Civil  Engineers,  and  be 
had  the    honour  of  receiving  complimentary   medala  from  the 
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Emperor  of  Bussio,  and  fiom  the  Einga  of  Frunu  and  Holland, 
as  acknowledged  merits  as  a  Ugtithouse  engineer.  When  hiu 
health  prevented  him  from  atteadisg  the  meetinge  of  this  Society, 
be  gavo  in  his  resignation,  hut  the  Council  declined  to  accept  it, 
and  continued  to  him  all  the  privileges  of  a  Fellow. 

The  long  iiloess  of  Mr  Stevenson,  produced  no  douht  by  the 
severity  of  bis  exposutee  at  Sketiyvore,  and  the  responsibiUties  and 
anxieties  attaching  to  so  gr»at  and  difficult  a  work,  was  home  with 
exemplary  patience  and  resignation,  and  he  diod  at  Fortobello,  as  a 
Christian  ahoald  die,  ou  the  23d  December  1865,  in  the  68th  year  of 
his  age. 

BoBiKT  Eati  (^obtillb,  a  distingnisbed  botanist,  was  bom  at 
Bishop  Auckland,  on  the  13th  December  1794,  and  was  the  eon  of 
the  Bev.  Robert  Greville,  Bector  of  Wyaaton  in  Derbyshire.  While 
he  was  receiving  his  education  nnder  his  father's  roof,  he  spent  his 
leisure  boars  in  the  etudy  of  plants;  and  so  rapid  was  his  progress, 
that  before  be  was  nineteen  he  had  made  careful  coloared  drawings 
of  between  one  and  two  hundred  native  plants.  Being  intended  for 
the  medical  profession,  he  went  through  the  nsnal  curriculum  of 
four  yeuB  in  London  and  Edinburgh ;  but  ciroamBtances  having 
rendered  him  independent,  he  reeolved  to  devote  himself  to  his 
favourite  study. 

In  1816  he  married  a  daughter  of  Sir  John  Eden,  Bart  of  Win- 
dleston,  and  in  the  same  year  he  came  to  Edinburgh,  where  he  studied 
human  and  comparative  anatomy  under  Dr  Barclay. 

In  1816  he  joined  the  Wemerian  Society,  to  which  he  communi- 
cated a  series  of  papers  on  Algre,  which  are  published  in  the  Trans- 
actions of  the  Society.  In  1823  be  published  the  first  volnme  of 
his  great  work,  entitled  "  Scottish  Cryptt^amic  Flora,"  which  he 
completed  in  six  volumes,  in  1828.  His  "  Flora  Edinensis,"  con- 
taining a  description  of  the  plants  in  the  neighbourhood  of  Edin- 
burgh, appeared  in  1828 ;  and  in  1830  hie  "  Alges  Britanaicn,"  a 
description  of  the  marine  and  other  inarticulatod  plants  in  the 
British  Islands,  belonging  to  the  Order  Algte.  In  conjunction  with 
Dr  Hooker  he  published  the  "  Icones  Filicum,"  a  splendid  work, 
containing  drawings  and  descriptione  of  ferns,  either  very  rare  or 
which  had  been  incorrectly  figured. 
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After  he  had  completed  these  great  workB,  Dr  Greville  made  a 
special  study  of  the  DtatomacaEe,  of  which  he  formed  a  moat  valuable 
collection,  all  the  Bpecimeus  being  put  upon  slides  and  finely 
labelled.  He  wrote  upwards  of  twelve  papers  descriptive  of  theee 
minute  organiamA.  For  these  papers,  and  also  for  his  contributions 
to  Cryptogamic  Botany,  the  Council  of  this  Society  awarded  to  him, 
in  1862,  the  medal  founded  hy  hie  friend,  Di  Patrick  Neill. 

In  the  brief  space  to  which  these  biographical  noticea  are  neces- 
Borily  limited,  it  would  be  impossible  to  enumerate  even  the  large 
number  of  importaut  papers  whicb  Dr  Oreville  published  in  the 
Wemerian  Transactions,  and  in  the  various  scientific  periodicals  of 
the  day,  and  to  give  on  intelligible  account  of  the  important  facta 
which  they  contain.  We  must  notice,  however,  his  collections  of 
natural  history,  which  ore  extremely  valuable,  and  not  less  impor> 
tant  to  science  than  the  works  in  which  they  are  described. 

His  fine  collection  of  Phanerogamic  plants,  and  of  Ferns,  Mosses, 
Fungi,  and  Algte,  increased  by  subsequent  purchases,  and  consisting 
of  about  50,000  qiecies,  constitutes  our  University  Herbarium  in 
the  Botanic  Garden.  His  collection  of  Insects,  purchased  also  hy 
the  University,  is  now  deposited  in  the  Museum  of  Science  and  Art. 
His  great  ooUeotioD  of  Biatoms  has  been  purchased  by  the  British 
Museum ;  and  his  collection  of  land  and  fresh  water  Molluscs  has 
been  purchased  for  the  Museum  of  Science  and  Art  in  Edinburgh. 

The  value  of  Dr  Oreville's  worke  has  been  greatly  enhanced  by 
the  beauty  and  accuracy  of  his  drawings.  His  pencil  was  that  of  an 
accomplished  artist ;  and  at  one  time  he  took  up  landscape  painting 
as  a  profession,  and  contributed  several  paintings  to  the  Exhibitions 
of  the  Scottish  Academy. 

The  works  of  Dr  Greville  were  aa  highly  appreciated  in  foreign 
countries  as  they  were  in  his  own.  In  1821  he  was  elected  a 
Fellow  of  this  Society.  In  1825  be  was  chosen  a  Member  of  the 
Boyal  Irish  Academy,  and  in  1826  the  University  of  G-losgow  con- 
ferred upon  him  the  degree  of  Doctor  of  Laws.  He  was  also  a 
Fellow  of  the  Linnean  Society,  and  either  a  corresponding  or  an 
honorary  member  of  a  great  nnmber  of  Natural  History  Societiee  in 
Europe  and  America. 

In  his  latter  years  Dr  Greville  lived  happily  at  his  beautiful  villa 
of  Onnelie,  near  Edinburgh,  where,  with  some  exceptions,  his  health 
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was  geoerallj  good.  Towards  the  end  of  last  May,  however,  he 
imprudently  fell  asleep  on  the  damp  giaas,  and  bronght  opon  him- 
self an  attack  of  inflammation  of  the  Inngs,  which,  in  the  conree  of 
a  week,  terminated  fatall;  on  the  4th  of  June  1866,  in  the  72d  yen 
of  hie  age. 

Dr  Greville  was  a  roan  of  rare  accomplishmenta,  and  of  no  ordinary 
viitnea.  His  studies  were  not  confined  to  science,  nor  his  ambition 
limited  to  the  honoure  which  it  merits,  and  the  fame  which  it  brings. 
His  large  heart  embraced  every  measure  of  philanthropy,  whether 
national  or  local, — ^whether  originating  in  vicious  legislation,  in  the 
necessary  ineqaalities  of  social  life,  or  bearing  upon  the  viol^ims  of 
ignorance,  intemperance,  and  crime.  Nor  did  he  take  a  less  interest 
in  those  higher  questions  which  disquiet  the  inner  and  noblei  life 
of  man,  stretching  beyond  that  boame  from  which  no  traveller 
returns,  and  affecting  interests  which  time  cannot  measure  nor  space 
define.  He  had  pondered  in  the  lesser  world  over  mysteries  which 
he  failed  to  comprehend, — over  marvel  b  of  life  which  startled  science 
and  rebuked  reason ;  and  be  submitted  with  the  same  reverence  to 
those  deeper  ihysteries  which  human  iiiBtrumenta  had  equally 
revealed.  Faitb,  and  science  falsely  so  called,  had  to  him,  and  has, 
I  hope,  to  many  of  us,  two  opposite  borizans — the  one  where  the  sun 
rises,  and  the  other  where  he  sets.  In  the  auroral  and  meridian 
light  of  the  one  he  studied,  and  lived,  and  died ;  and  in  the'  mnrky 
twilight  and  midnight  darkness  of  the  other,  he  wept  over  the  fallen 
stars  of  science, — the  Sappers  and  Miners  of  our  Faith. 

CHiBLiS  Maolaken,  an  eminent  geologist,  was  bom  in  Ormiston, 
East  Lothian,  on  the  7th  October  1782,  and  was  the  only  son  of  bis 
father,  who  was  a  small  farmer.  His  uncle  by  the  mother's  side  was 
a  smith  in-  the  household  of  Gkorge  III.,  and  bis  nephew  would 
have  been  brought  up  to  the  same  profession,  had  it  not  proved  incom- 
patible with  the  delicacy  of  his  constitution.  After  acquiring  a  good 
education  at  different  parochial  schools,  and  acquiring  at  home  a 
knowledge  of  modern  languages  and  of  some  branches  of  science, 
be  spent  some  years  as  clerk  and  book-keeper  to  several  £dinburgb 

In  the  year  1816  Mr  Maclaren,  in  conjunction  with  Mr  William 
Ritchie,  established  the  Scotsman,  a  newspaper  which,  though  perse- 
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cnted  in  ita  early  lib,  has  acquired  a  greater  jiopularity,  and  reached 
a  higher  circulation  than  any  of  our  Scottish  jonmala.  The  first 
number  was  published  on  the  2Sth  Jannary  1817,  and,  speaking 
generally,  Mr  Uaclaren  had  the  honour  of  being  its  Editor  till  the 
year  1847,  when  he  resigned  it  into  the  hands  of  its  present  able 
condnctor.  Thns  freed  from  the  labours  and  anxieties  of  a  public 
joornaliit,  Ur  Uaclaren  was  able  to  devote  hie  whole  time  to  his 
favourite  atadies.  He  made  numerous  geolc^cal  excnrBious  to 
different  parts  of  Scotland,  acquiriug  that  accurate  knowledge  of  the 
science  which  he  displayed  in  his  later  works. 

Having  taken  a  great  interest  in  the  speculations  respecting  the 
Plain  of  Troy  as  described  in  the  Iliad,  be  published  in  1822  a 
dissertation  on  its  topography;  and  in  1847  he  visited  the  locality 
itself,  and  acquired  that  thorough  knowledge  of  the  subject,  which 
he  communicated  to  the  public  in  1863,  under  the  title  of  "  The 
Plain  of  Troy  Deecnbed,  and  the  identity  of  the  Ilium  of  Homer, 
with  the  new  Ilinm  of  Strabo  proved,  by  comparing  the  poet's  nar- 
rative with  its  present  Topography. "  The  views  contained  in  this 
able  aod  interesting  work  have  been  fully  adopted  by  the  most 
distinguished  scholars  in  this  country  and  on  the  continent. 

Among  his  numerous  geological  writings  which  have  appeared  in 
the  Scottman  and  in  other  journals,  the  most  important  ia  his 
"  Geology  of  Fife  and  the  LothiaoB,"  which  appeared  in  1839.  It 
contains  a  description  of  tbs  wide  valley  stretching  from  the  Ochils 
on  the  North  to  the  Lammermuirs  on  the  South,  and  fully  estab- 
lished Mr  Maclaren's  reputation  aa  a  geologiat.* 

Among  the  more  prominent  points  in  Mr  Maclaren's  character, 
was  his  remarkable  aagacity,  and  his  faith  in  the  power  and  progress 
of  science,  a  quality  not  often  possessed  by  its  cultivators.  His 
sagacity  was  strikingly  displayed  in  predicting  the  great  destiny  of 
the  American  Republic,  a  sentiment  which  he  drew  from  his  know- 
ledge of  the  politics  and  statistics  of  that  great  and  prosperous 
nation.  The  article  on  America,  in  the  "  Encyclopedia  Britannica," 
was  from  bis  pen,  and  also  the  article  on  Troy,  in  which  he  describea 
the  interesting  results  to  which  we  have  already  referred. 

His  sagacity  was  no  less  displayed,  and  his  faith  in  science  too, 

•  A  recent  edition,  with  correctioDB  and  additioni  bf  the  Aathor,  has  joit 
been  pnbliahsd. 
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when,  so  early  as  1824,  he  predioted  the  great  aaccen  of  railway 
travelliDg,  and  epoke  of  locomotion  at  the  rate  of  twenty-four  miles 
aD  honr,  or  quicker  than  a  race-horae,  as  a  very  probable  event 
Science,  however,  haa  outstripped  the  tardy  estimate  of  onr  author, 
and  the  etill  tardier  one  of  George  Stephenson.  A  Sight  of  sixty 
miles  an  honi  with  a  ca^o  heavier  then  a  ship  of  war,  which  many 
ofne  have  made,  wonld  have  shaken  the  nerves  even  of  these 
B&ngnine  speculators.  When  we  leara  that  a  distingnished  man  of 
science  announced  in  the  "  Edinburgh  Be  view"  the  impossibility  of 
navigating  the  Atlantic  by  steam,  we  need  not  wonder  at  the  Blow- 
coach  convictions  of  the  nneducated  world. 

Mr  UaoUren  was  elected  a  Fellow  qI  this  Society  in  1837,  and  of 
the  Geological  Society  of  London  io  1846.  He  was  an  active 
member  of  the  British  Asaociation,  and  for  the  two  last  years  he 
was  President  of  the  Oeologtoal  Society  of  Edinburgh. 

After  leeigning  the  editorship  of  the  Scotsman,  he  retired  to  his 
villa  of  Uoreland  Cottage,  near  Edinburgh,  where  he  spent  the 
rest  of  his  life.  His  health  was  generally  good,  and  bis  mental 
powers  nnimpared,  when  on  the  Tnoraing  of  the  27th  August  he 
experienced  a  stroke  of  paralysis,  which  carried  him  off  without 
suffering  on  the  10th  of  September  1866,  in  the  84th  year  of  his 
age. 

WiLUAii  Whbwbu.,  DJ).,  F.R.S.,  a  distinguished  writer  on 
almost  every  branch  of  aoience,  was  horn  at  Lancaster  on  the  24th 
of  Uay  1794.  He  was  the  son  of  a  house  carpenter,  whose  little 
library  supplied  the  first  hooks  which  excited  the  literary  ambition 
of  hie  son.  From  the  Grammar  School  of  Lancaster  be  went  to 
Hevenham,  in  order  to  be  qualified  for  holding  an  Exhibition  at 
Trinity  College,  Cambridge.  After  gaining  this  Exhibition  of  £50 
a-year,  he  commenced  residence  at  Cambridge,  and  distinguished 
himself  so  much  that  in  his  first  year  he  gained  a  scholarship  and 
a  Foundation  Sizarship.  In  the  mathematical  tripos  of  1816  he 
graduated  as  second  wrangler.  In  1817  he  was  elected  Fellow  of 
Triai^,  and  soon  after  this  he  began  to  lecture  on  mathematics  as 
assistant  tutor,  at  the  salary  of  £75  per  annum.  He  was  elected 
a  Fellow  of  the  Boyal  Society  of  London  in  1820,  and  he  enricbed 
their  Transactions  from  1833  to  1840  with  twelve  papers,  entitled 
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"  BesearoheB  on  the  Tides."  Id  1837,  aft«r  the  pablicatioD  of  the 
nJDth  eeries,  the  Royal  Society  conferred  upon  him  the  Boy&l 
Medal,  in  recogaitioD  of  the  great  value  of  his  SeBearcbea.* 

In  11)21  he  published  hie  "  Syllabos  of  an  Elementary  Treatise 
on  MechaDice,"  and  in  1823  his  "  Treatise  on  Dynamics."  In  1823 
be  became  Tutor  of  Trinity,  an  ofBce  which  be  held  till  1839. 

In  1828  he  was  appointed  Professor  of  llinetalogy ;  and  if  we 
deaired  an  example  of  the  nnrivalled  powerwith  which  he  mastered 
a  subject  with  which  bis  previous  studies  had  but  little  couuection, 
it  will  be  found  in  the  admirable  report  "Oathe  Progress  and 
Present  State  of  Mineralogy,"  which  he  communicated  to  the 
British  Association  in  1832.t  In  1833  Di  Whewell  published  his 
Bridgewater  Treatise,  entitled  "  Astronomy  and  General  Physica, 
considered  in  reference  to  Natural  Theology." 

In  1837  he  published  his  principal  work,  entitled  the  "  History 
of  the  Inductive  Sciences,  from  the  Earliest  to  the  Present  Times." 
In  appreciating  the  value  of  this  noble  record  of  physical  truth, 
and  admiring  the  capacity  and  vast  acquirements  of  its  author,  we 
must  at  the  same  time  regret  the  numeious  deficiencies  in  the 
work,  and  its  doubtful  decisions  in  the  controversies  of  science. 
As  a  necessary  sequel  to  this  work  he  published,  in  1811,  "  The 
Philosophy  of  the  Inductive  Sciences,"  a  work  of  able  and  ingenious 
speculation,  which  the  public  did  not  so  gratefully  receive. 

In  1837  ha  preached  before  the  Univereity  four  sermons  on  the 
foundation  of  morals,  and  having  been  thus  led  to  the  study  of  this 
branch  of  knowledge,  be  accepted,  in  1838,  the  Chair  of  "  Moral 
Philosophy  and  Casuistry,"  as  he  called  it.  While  he  occupied 
this  chair  he  composed  "Lectures  on  the  History  of  Moral 
Philosophy  in  England,"  "  Lectures  on  Systematic  Morality,"  and 
"  Elements  of  Morality  and  Polity,"  which  appeared  in  1845.  His 
attention  being  thus  directed  to  the  subject  of  international  law, 
he  published  a  condensed  translation  of  Grotius'  "  De  Jure  Belli 
et  Pocis;"  and  regarding  this  subject,  as  we  uow  find  it  to  he,  of 
national  importance,  he  left  to  the  University  an  ample  legacy 

•  See  Phil.  TrsDS.  1838,  p.  147  ;  1834.  p.  16 ;  1836,  p.  83 ;  1836,  pp.  1, 
]81,12a;188T,  pp.  7S,22T;  1838,  p.  23 1 ;  I8S0,pp.  IGI,  163  ;  1840.  pp.  161, 

t  BepoH  ID  1832,  pp.  322-366. 
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to  fomid  a  Chair  of  lotemational  Law,  with  acbolaishipe  for  ths 
most  distiDgDiBbed  Btadenta. 

In  1841  ho  married  Misa  MarshaU,  and  a  few  montha  afterwards 
he  was,  os  the  resignation  of  Dr  Wordsworth,  made  Master  of 
Trinity.  The  domestic  happiness  which  he  enjoyed  in  this  new 
position  was  marred  by  a  long  and  painful  ilinesB  of  t/Ln  Whewel), 
and  bis  grief  on  this  occasion  is  said  to  have  been  bo  profound 
that,  in  order  to  occupy  bis  mind  in  this  season  of  afSiotioD,  be 
compOBed  bis  work  of  "  The  Plurality  of  WorldB,"  which  was 
pablisbed  in  1853.  A  more  probable  opinion  is,  that  the  book 
was  written  to  quiet  certain  doubts  which  bad  arisen  in  the  mind 
of  bis  wife  respecting  tbe  doctrine  of  redemption,  on  tbe  ground 
of  tbe  comparative  insignificance  of  onr  planet,  and  of  the  race  in 
whose  behalf  the  Deity  interposed.  But  whatever  was  the  motive 
or  state  of  mind  nnder  which  this  singular  work  was  compoeed,  we 
can  hardly  admit  that  a  mind  bo  richly  endowed,  and  so  strong  in 
its  religious  conviction,  could  have  believed  in  tbe  assertions  that 
the  nebnlsa  are  "  dots  and  lumps  of  light ;"  that  "  tbe  distant 
stars  are  sparks  struck  off  from  tbe  potter's  wheel  in  the  formation 
of  the  universe  ;"  that  Jupiter  is  "  a  mere  sphere  of  water  with  a 
few  cinders  in  its  centre;"  that  the  ninety  asteroids  are  "  bits  of 
a  planet  that  bad  failed  in  tbe  making;"  and  that  the  nineteen 
satelliteB  of  the  Bolar  system  "  are  piecee  of  vapour  neatly  wound 
into  balls." 

But,  however  sternly  posterity  may  denounce  the  paradox,  "  that 
our  earth  is  the  oaBis  in  the  desert  of  tbe  solar  system,"  "the 
really  largest  planetary  body"  it  containe,  and  "the  only  world 
in  tbe  universe,"  they  will  forgive  its  author  on  account  of  tbe 
noble  sentiments,  the  lofty  aspirations,  and  the  suggestions  almost 
divine,  which  mark  his  closing  chapter  on  the  future  of  the  nni- 
veise.  In  the  bright  noon  of  his  intellectual  life,  Dr  Whewell  bad 
hazarded  the  sentiment,  "  that  science  was  its  own  reward,"  requir- 
ing neither  patront^;e  for  its  extension,  nor  liberality  to  its  cultiva- 
toTB ;  but  when  a  high  position  rewarded  bis  own  acquirements  and 
stimulated  his  own  labours,  he  turned  with  sympathy  to  bis  less 
fortunate  fellow- work  men,  and  looked  for  their  reward  to  "  a  uni- 
versal and  perpetual  peace,"  in  which  tbe  advancement  of  human 
knowledge  should  be  the  great  object  of  every  social  and  national 
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combioatioD.  "Were  the  nations  or  the  earth,"  sajs  he,  "to 
employ  for  the  promotion  of  hnman  knowledge  a  small  fraction 
only  of  the  means,  the  wealth,  the  ingenuity,  the  energy,  the  com- 
bination whioh  they  have  employed  in  every  age  for  tb,e  deatniction 
of  human  life  and  human  means  of  enjoyment,  we  might  soon 
find  that  what  we  hitherto  knew  is  little  compared  with  what  man 
has  the  power  of  knowing."  Would  that  these  words  were  placed 
in  letters  of  gold  above  the  portal  of  every  college  in  the  empire, 
and  pondered  by  every  student  to  whom  the  name  of  statesman,  and 
patriot,  and  Christian,  is  dear. 

Though  happy  in  his  domeetio  relatione,  they  were  to  Dr 
Whewell  the  cause  of  the  deepest  sorrow.  The  ill  health  of  Mrs 
Whewell  had  for  several  years  been  a  source  of  great  anxiety  and 
care,  and  in  December  1855  he  mourned  her  loss  in  a  volume  of 
elegiac  verses,  printed  for  private  circulation.  In  185S  he  married 
Lady  Affleck,  the  widow  of  Sir  Archibald  Affleck,  and  after  eight 
years  of  uninterrupted  happiness,  he  had  again,  in  1865,  to  resign 
himself  to  another  domestic  bereavement. 

After  some  months  of  sorrow  and  seclusion,  Dr  Whewell  was  so 
far  able  to  resume  his  studies,  as  to  write  the  article  on  "  Comte 
and  Positivism,"  which  appeared  in  "  MacmiUan's  Magazine  "  for 
Uarch  18G6;audhe  prepared  for"  Eraser's  Magazine"  a  paper  "  On 
Orote's  Plato,"  which  was  destined  to  he  the  last  of  hia  works. 

On  the  24th  February  1865,  when  taking  a  ride,  be  met  bis  own 
carriage  with  ladies  who  were  bis  guests,  and  turned  to  f<^aw  them 
home.  His  horse  beoame  excited  and  ran  off,  and  losing  all  con- 
trol over  it,  owing  to  a  weakness  in  his  left  arm  from  a  previous  fall 
from  horseback,  he  fell  upon  bis  horse's  neck  and  then  to  the  ground 
upon  his  head.  A  concussion  of  the  brain,  which  had  previously 
been  in  a  shrunk  state,  terminated  fatally  on  the  6th  March  1866, 
in  the  72d  year  of  his  age. 

The  great  talents  and  acquirements  of  Dr  Whewell  we^  as 
highly  appreciated  in  foreign  countries  as  in  his  own.  His  Sylla- 
bus of  MeohanicB,  and  his  "  Mechanical  Euclid,"  were  translated 
into  Grerman.  He  was  a  corresponding  member,  in  the  section  of 
Philosophy,  of  the  Academy  of  Moral  and  Political  Sciences  in  the 
Imperial  Institute  of  France,  and  an  honoiaiy  or  corresponding 
member  of  various  academies  in  Europe  and  America. 
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Alhzansik  MAOsun,  Esq.,  was  bom  at  Springfield  Cottage,  near 
Perth,  on  the  6th  Decembei  1816,  and  was  the  son  of  Alexander 
If  aodnff  of  Bonhaid.  He  received  the  rudiments  of  his  education 
at  the  OTammai  School  of  Perth,  and  also  at  the  Perth  Academy, 
where  he  ohtained  the  firat  prize  for  general  profioienc;  during  the 
eessioD  1831-&  He  entered  the  UniTersity  of  Edinburgh  in  1832, 
and,  after  attending  the  nsoal  course  of  ioBtruction,  he  began  the 
study  of  law  in  1835.  He  passed  as  writer  to  the  Signet  in  1839, 
and  continued  in  the  profeeeion  in  partaersbip  with  Mr  Welsh  of 
Collin  till  1845,  when  he  retired  to  Perthshire,  where  he  lived  upon 
his  estate  from  1847  to  1860,  discharging  the  variona  important 
duties  which  our  landed  proprietors  are  called  upon  to  perform.  In 
1859  he  acted  as  Secretary  to  the  Boyal  Gommiasion  on  Boads  and 
Bridges  in  Scotland.  In  1860  he  took  up  bis  residence  in  Edin- 
burgh, and  was  appointed  Vice-Convener  and  Secretary  of  the 
Church  Endowment  Scheme.  In  1865  be  was  elected  Secretary 
to  the  Highland  and  Agricultural  Society  of  Scotland,  and  he  bad 
hardly  entered  upon  the  duties  of  his  office  when  he  was  attacked 
with  pleurisy,  and  died  at  Edinhnrgh  on  the  21st  Uarob  1866,  in 
the  SOth  year  of  his  age. 

WnuAH  BoNAB  was  bom  in  Edinburgh  on  the  3d  January 
1798,  and  was  the  third  son  of  Andrew  Bonat  of  Eimmerghame  and 
Wairiaton,  banker  in  Edinburgh.  After  receiving  bia  classical 
edncatioD  at  the  High  School  of  Edinburgh,  be  went  through  the 
usD^  course  of  study  at  the  University. 

In  1817  he  was  admitted  a  partner  of  the  bank  of  Messrs 
Bamaay,  Bonar,  &  Co.,  and  be  continued  to  diachaige  its  duties  till 
it  was  merged  in  the  Bank  of  Scotland. 

Mr  Bonar  was  one  of  a  body  of  excellent  men  in  Edinburgh  who 
employ  their  wealth  and  their  leisure  in  promoting  and  managing 
the  many  religions  and  charitable  iustitntionH  by  which  Edinbuigh 
is  distinguished.  He  was  a  man  of  fervent  piety,  and  atong  with 
his  brother,  Mr  Andrew  Bonar,  now  the  only  survivor  of  four 
brothers,  he  employed  a  missionary  to  took  after  the  ignorant  and 
neglected  poor.  In  the  eame  good  cause,  Mr  Bonar  wrote  several 
religions  tracts  during  his  residence  in  Edinburgh. 

Having  puiofaaBed  Warriston  from  his  brother,  Mr  James  Bontu-, 
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he  lived  there  with  his  family,  till  the  inteiference  of  mlwajs 
with  ita  amenity  drove  him  to  Babbicombe,  in  SeTonahire,  where 
he  continued  those  banavolant  labonrs  which  he  had  eo  zealously 
proeecuted  during  his  residence  in  Edinbni^h. 

Mr  Bonar  vaa  elected  a  Fellow  of  this  Society  in  1822.  He 
took  a  great  interest  in  matters  of  science,  but  specially  in  the 
great  inventions  which  were  in  his  time  bearing  snoh  noble  fruit. 

Mr  Bonar  died  at  Ualvem,  where  he  had  gone  for  the  recovery 
of  his  health,  on  the  9th  of  November  1866,  at  the  age  of  68. 

Jamb  Stxvinson  was  bom  at  Paisley  on  the  28th  April  1786, 
and  was  the  son  of  Mr  Stevenson,  a  silk-gauze  mannfaotnrei  in 
that  town.  He  was  educated  at  the  Orammar  School  there,  and 
afterwards  went  to  Glasgow,  where  he  remained  for  thirty  years 
in  business  as  a  merchant  and  cotton-spinner.  In  1844  he  re- 
moved to  South  Shields,  where  he  became  senior  partner  in  the 
Jarrow  Chemical  Works,  the  importance  and  extent  of  which 
were  greatly  increased  by  his  energy  and  talents  for  business. 

At  South  Shields  he  took  a  deep  interest  in  the  welfare  of  the 
working  classes,  founding  excellent  schools  for  their  children,  and 
reducing,  as  far  as  practicable,  the  work  usually  done  on  the 
Sabbath.  He  established  the  "  North  and  South  Shields  Gazette," 
a  newspaper  by  which  the  public  interests  of  these  two  large 
towns  were  greatly  advanced.  Mr  Stevenson  was  likewise  the 
most  active  promoter  of  a  company  for  supplying  South  Shields 
with  water,  which  previously  bad  been  chiefly  derived  from  surface 
wells.  He  was  an  elder  in  the  Free  Church,  and  an  active  and 
liberal  friend  of  the  Presbyterian  Church  in  England, 

In  1854  he  retired  from  active  business,  and  spent  the  test  of 
his  life  in  Edinbnigh.  >  He  was  elected  a  Fellow  of  this  Society 
in  1865,  and  he  died  in  his  house,  in  Bandolph  Ciesc^it,  on  the 
13th  June  1866,  in  the  Slst  year  of  his  age. 

WiLLUK  Thoius  Brandx,  an  eminent  chemist,  was  bom  in 
1786,  and  was  the  grandson  of  a  physician  who  came  from  Hanover 
with  one  of  the  Qeorges.  After  being  educated  at  Westminster 
School,  he  went  to  complete  his  eduoation  jo  Hanover,  but,  on 
account  of  the  disturbed  state  of  Germany,  he  returned  to  En^and 
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in  1803,  and  entered  St  George's  Hospital,  attending  the  leotaroB 
and  dJEsecting  tdoiu  of  that  inatitutioii.  At  this  time  fae  oommnni- 
cftted  several  papers  to  Nicholson's  Journal :  one  On  Setaoin  in 
1805  ;•  one  on  The  Theory  of  Setpiration  in  1805  ;t  and  another  On 
the  Ikatnel  of  the  TeefA  in  1806.t  In  1806  he  oommnnioated  to 
the  fioyal  Society  a  paper  On  Ouaiacum,  vhicb  was  published  in 
their  Transactions.  In  1808  he  examined  Hie  calculi  in  the  Hun- 
terian  Unseum,  and  gave  lectures  on  Chemistry  in  Sr  Hooper's  in 
Cork  Street.  At  this  time  he  became  a  member  of  the  New  Uedioal 
School  in  Windmill  Street,  and  begao  hia  career  as  a  Teacher  and 
Demonstrator  in  Chemistry,  publishing  many  important  papers  in 
the  "  Philosophical  Journals,"  and  in  the  "  Transactions  of  the 
Boyal  Society."  In  1809  he  was  elected  a  Fellow  of  the  Boyal 
Society.  In  1813  be  received  the  Copley  Hodal  for  his  communi- 
cations to  the  Society;  and  on  tbe  death  of  Dr  Wollaaton,  in  the 
same  year,  fae  succeeded  faim  as  Principal  Secretary  to  that  body, 
an  ofBee  which  he  held  till  1826.  In  1812  fae  was  elected  Professor 
of  Chemistry  and  Materia  Medica  to  the  Apothecaries'  Company,  of 
whioh  he  became  Hasterin  1851.  On  SirHumphry  Davy's  recom- 
mendation, he  was  elected  Professor  of  Chemistry  to  the  Koyal  In- 
stitution ;  and  he  occupied  that  position  for  many  years,  in  conjunc- 
tion with  Dr  Faraday.  He  was  elected  an  Ordinary  Fellow  of  this 
Society  in  1815,  but  made  no  contributions  to  our  Transactions. 
In  1816  he  began,  in  conjunction  with  Dr  Faraday,  to  publish 
"  The  Journal  of  Science  and  the  Aits,  edited  at  the  Royal  Institu- 
tion," which  was  continued  in  sixteen  volumes  till  1825,  when  he 
was  appointed  Superintendent  of  the  Die  department  in  the  Mint. 
In  1836  fae  was  appointed  Fellow,  and  in  1846  Examiner  in  the 
London  University.  In  1853  he  received  the  honorary  degree  of 
D.C.L.  from  tbe  University  of  Oxford.  In  1823  he  published  his 
his  "  Manual  of  Pharmacy,"  and  in  1842  his  "  Dictionary  of  Art 
and  Science." 

He  took  an  aotive  interest  in  the  establishment  of  the  University 
of  London,  and  was  one  of  its  Senate.  Mr  Brande  was  particu- 
larly distinguished  as  an  expositor  of  science,  as  is  teetified  by  the 
success  of  his  "  Manual  of  Cfaemistry,"  which  baa  passed  through 
six  editions,  and  has  been  translated  into  the  leading  foreign 
*  Vol.  I.  p.  89.  t  Vol.  xi.  p.  79.  t  Vol.  liU.  p.  214. 
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languages.  He  was  one  of  the  eminent  galaxy  of  chemistB  that 
has  rendered  ^he  Royal  Inatitntion  bo  illustiiooe.  The  snccessor 
of  Davy  and  colleague  of  Faiaday  could  not  bare  failed  to  have  had 
a  marked  iDflnoDce  on  the  progreBS  of  chemistry ;  and  thongh  be  has 
not  left  behind  him  many  original  memoirs,  he  has  certainly  done 
mnch  to  difTuse  a  knowledge  of  that  science,  and  to  render  its  study 
attractive  by  the  clearueBs  of  his  exposition  of  its  leading  truths. 

The  following  statement  respecting  the  Members  of  the  Society 
was  read  by  the  Chairman : — 
I,  Honorary  Fellows — 

Bo;al  Personages, 2 

Britiali  SubjeetB,         ....  ...      19 

Foreigii S6 

Total  Honoruj  Fellows,  ...  G(t 

11.  \on-£eaideiit  Member  under  Old  Laws,     ...  1 

III.  Ordinary  Fellows— 

Ordinary  Fellom  at  November  ISOC 2T8 

NtK  FtOowi,  1666-66 — Sir  Jamsa  E.  Alexander,  Adam  Black, 
David  Chalmen,  W.  D.  Clatk,  Thomu  ConBtable,  David 
DoDglaa,  Dr  Jaraes  DnnBmore,  William  Eoing,  James  Fol- 
shaw,  Joseph  H.  Joeepli,  Dr  A.  Keiller,  Alexander  MacdnS', 
Jolin  H'CnllDcb,  John  Macnair,  Professor  David  Maason,  Dr 
Arthur  Mitchell,  Dr  Charles  Morehead,  Bight  Bev.  Bishop 
Hoirall,  Thomas  Nelson,  Dr  John  Alezandai  Smith, 
ProfeBsoT  Spence,  Dr  Thomas  Orainger  Stewart,  Dr  ^Yaser 
Thomson,  John  E.  Watson,  Dr  Pstrink  Earon  Watson,  26 

2SS 

Dediui  ^)«MM«>i— William  Bonar,  William  Thomas  Biande, 
John  Archibald  Campbell,  Jobii  Cay,  Dr  David  Craigifl,  Di 
James  Duncan,  Sir  John  H.  S.  Forbes,  Dr  B.  KayeOreville, 
Eon.  Lord  Ivory,  Alexander  Macduff,  Rev.  Di  Macfarlane, 
Charles  Haclaren,  Alan  Stevenson,  James  Stevenson,  11 

Bu^ntd—ilnx.  Christie,  WiUiam  Handyside,  Dr  J.  P.  Macart- 
ney, Dr  Pagan 1 

OmctUtdfor  Jfon-paynait  ef  AJmmtm  Fn—yi.  D.  Clark,  Dr 
Joseph, 2 

CanalUd  for  Non-payment  of  Anmal  SiA*eripUon» — James 
Hannay,  Dr  M'Kinlay 2 

Total  Deductions, 23 

Tola)  Nnmber  of  Ordinary  Fellows  at  November  leBO,  2TS 
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The  fblloiriug  Donationa  to  the  Library  were  aoDounced: — 

Philosophical  Trecsactions  of  the  Boyal  Society  of  London.    Vol. 

GLYl.     Fart  1.     Ho.— From  the  Soeidj/. 
Proceedings  of  the  Boyal  Society  of  London.    Nos.  83-87.    8to. — 

Fn>m  the  Society. 
Transactions  of  the  Zoological  Society  of  London.    Tol.  T.    Part 

5.    4to. — From  the  Society. 
Proceedings  of  the  Zoological  Society  of  London.    1865.    Parts 

1  .     8vo. — From  the  Society. 

Beport  of  the  Council  of  the  Zoological  Society  of  London.    1866. 

8yo. — From  the  Society. 
Quarterly  Journal  of  the  Geological  Society.    Vol.  XXII.    Parts 

2-4.     London,  1866.     Svo.— From  the  Sooi^. 
Journal  of  the  Ghemical  Society.    Nos.  41-47.    London,  1866. 

8to. — From  the  Society. 
JouTDfti  of  the  Statistical  Society  of  London.    Vol.  ZXIX.    Parts 

2  and  3.    8T0.~^r«m  the  Society. 

Jonnial  of  the  Linnean  Society.    Botany,  Vol.  IX.,  Nos.  37,  38 ; 

Zoology,  Vol.  IX.,  Nob.  33  and  34.    London,  1866.    8vo.— 

From  the  Society. 
Proceedings  of  the  Ueteorological  Society.    Vol.  III.    Nos.  28-26. 

London,  1866.     8to. — From  the  Society. 
Journal  of  the  Boyal  Geographical  Society.    Vol.  XXXV.   London, 

18GS.—From  the  Society. 
Proceedings  of  the  Royal  Geographical  Society,    Vol.  X.    Noa. 

3-6.     London,  1866.     8vo.— fVom  the  Society. 
Journal  of  the  Boyal  HoFtionltuial  Society  of  London.    VoL  I. 

Fart  3.     1866.     8vo.^^rom  the  SodOy. 
Proceedings  of  the  Boyal  Horticultural  Society  of  London.    Vol. 

I.  (New  Series).    Farts  4  and  S.    1866.    8to.— .fWm  the 

Sodely. 
Proceeding  of  the  Society  of  Antiquaries  of  London.    Vol.  II. 

No.  7.     1864.     8to.— JVotn  the  Society. 
Catalogue  of  a  Collection  of  Printed  Broadeidea  in  the  possession 

of  the  Society  of  Antiquaries  of  London .    Compiled  by  Robert 

Lemon,  Esq,     London,  1866.     8vo. — JVom  the  Socie^. 
Proceedings  of  the  Boyal   Hodical  and  Chimrgicol  Society  of 
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London.    Vol-  V.    Noa.  4  and  S.    1866.    8vQ.—From  the 

SocUty, 
TraDBactioni  of  tb«  Boyal  Uedical  and  Ghiiaii^cal  Society  of 

London.    Vol.  XL.    8to.— JVom  the  Society. 
Jonrnal  of  the  Bo^  Asiatic  Society  of  Great  Britain  and  Ireland. 

Vol.  II.    Fort  1.    New  Series.    London,  1866.    8to.— J^Wn 

iiuSooiety. 
Jonrnal  of  the  Aeiatio  Society  of  Bengal.    History :  Part  1,  "Sa. 

i,  1865;  Fart  1,  No.  1,  1866.    Fhygical  Science:  Fart  2, 

No.  4,  1865;   Part  2,  No.  1,  1866.     Calcutta,  1866.    6vo. 

— From  the  Society. 
Proceedings  of  the  Asiatic  Society  of  Bengal,  with  Index  for  1865. 

Nos.  1-3,  for  1866.    Calcutta.    8To.~JVom  the  Society. 
Memoirs  of  the  literary  and  Philoeopbical  Society  of  Hanohester. 

Third  Series.     Vol.  II.     Svo.— JVwn  the  Society. 
Proceedings  of  the  Literary  and  Philoaophioal  Society  of  Man- 

cheater.  Vols.  IIL  and  IV.  1864-65.   Bm —From  the  Society. 
Journal  of  the  Boyal  Qeologioal  Society  of  Ireland.    VoL  1.    Part 

2.    Dublin,  1866.    8va.~From  the  Society. 
The  American  Journal  of  Science  and  Arte.    Vol.  XLI.  No.  123 ; 

Vol.  XLII.  No.  124.    New  Haven,  1866.    Bm.—From  the 

EdUon. 
The  Canadian  Journal  of  Indnstry,  Science,  and  Art.    New  Series. 

No.  LXII.    Toronto,  1866.    8v<y.—From  the  Canadian  Initi- 

tute. 
Proceedings  of  the  Academy  of  Natural  Scieuoes  of  Philadelphia. 

Nos.  1-5.    1865.    Svo.— From  the  Academy. 
Proceedings  of  the  American  Philosophical  Sooiety.    Vol.  X.    No. 

75.    Philadelphia,  1866.    8to.— JVvm  the  Society. 
Catalogue  of  the  Libraiy  of  the  American  Philosophical  Sooiety. 

Part  2.    Philadelphia,  1866.    8To.~JVom  the  Sooiety. 
Journal  of  the  North-China  Branch  of  the  Boyal  Asiatio  Society. 

New  Series.     No.  2.     1865.     Shaoghai,     6vo.~From   the 

Soeidy. 
Illuotrated  Catalogue  of  the  Ifuseum  of  Oomparative  Zoology  at 

Harvard  College.    No.  2.    Cambridge,  Hass.  ilo.~From  the 

OoOtige. 
Extracts  of  Papers  b;  Isaac  Lea,  LL.D.,  from  the  Proceedings  of 
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the  Academy  of  Nfttnnl  Scienoee  of  FhiUdelphia.    8vo.— < 

fVom  the  Author, 
Gatologne  of  the  Library  of  the  Boyal  United  Serrioe  InBtitation. 

London,  1865.    8vo.— JVom  &e  ItuHtiUion. 
A«troiioinioal  and  Meteorological  Obserrationa  made  at  the  Bad- 

cliffe  Obeemtoiy,  Oxford,  in  the  year  1863.    Vol.  XZIII. 

Oxford,  1866.     8vo.— JViMn  the  OUervaUiry. 
Oeologioal  Surrey  of  Canada;  Beportof  Fiogreaa  from  ita  com- 
mencement till  1863,  with  Atlae.    Kontreal,  1866.    Sro.— 

From  the  Burvei/. 
Vemoira  of  the  Gleologioal  Sntrey  of  India.     Vol.  III.  Noe. 

6-9  ;  VoL  IV.  Part  8.    4to.    Vol.  V.  Parti.    Syo.— From  the 

Survey. 
Annual  Beport  of  the  Geological  Snirey  of  India  for  1864-65. 

Galontta.     8to. — From  the  Survey. 
Gatalogne  of  the  Organic  Bemaina  belonging  to  the  Echinodermata 

in  the  Mnseam  of  the  Geological  Survey  of  India.    Calcutta, 

1865.    8vo.— From  the  Survey. 
Journal  of  the   Scottfah   Heteorological  Society.    Nos.  10-12. 

Edinburgh,  1866.    Large  Svo^—Fnm  Ae  Sodety. 
Second  Beport  upon  the  Biver  Waimakartri,  and  the  lower  plains 

tiTCanterbury,  Hew  Zealand.    By  W.  T.  Doyne,  C.E.    Cbriat- 

chnrch,  186  6    Yol.—From  the  Author. 
Dooumeatfl  of  the  United  States  Sanitary  Commfssion.    Vola.  I. 

and  U.    New  Tork,  1866.    S^o.—From  the  ChmmieswH, 
United  States  Sanitary  GommiaBion  Bulletin  for  1863-66.    New 

Tork,  1866.    8vo.—From  the  Commieeion. 
Ages  of  United  States  Volunteer  Soldiery.    New  Tork,  1866. 

8to. — From  the  United  Slalei  Samitary  Vommietion. 
Annual  Beport  of  the  Board  of  Begente  of  the  Smithsonian  Insti- 

tntwn.    1864.    Washington,  1866.    8to.— iFront  th*  Inttitu- 

Annual  Beport  of  the  Tmsteea  of  the  Kusenm  of  Comparative 
Zoology  at  Harvard  College,  Cambiidge,  Haas. ;  together  with 
the  Beport  of  the  Direotoia,  1864-65.  Boston,  1866.  8vo.— 
From  the  Tntteee. 

Bulletin  of  the  Museum  of  Comparative  Zoology,  Cambridge,  Hasa., 
U.3.    evo.— JVwm  the  Trueteee. 


ny  Google 


40  Proceedings  of  the  Soyal  Society 

Prooeedinge  of  the  Boeton  Society  of  Nataral  Hiatoiy  for  1865-66. 
.  8to. — From  the  Socidy. 

OonditioD  and  Doings  of  the  Boston  Society  of  Nfttaral  History. 
1865.     SYO.—JVwm  ihe  Society, 

Froceedings  of  the  AmerioEui  Academy  of  Arte  and  Sciences.  Vol. 
VII.     Beaton,  1886.     8to.— fWm  the  Academy. 

Astroiiomical  and  Meteorological  ObservatioDB,  made  at  the  United 
States  Nav^  Observatory  during  the  year  1863.  Washington, 
1865.     4to.— From  (A«  Ohtervatory. 

Reports  on  the  Extent  and  Nature  of  the  Materials  available  for  the 
preparation  of  a  Medical  and  Surgical  History  of  the  Bebellion. 
Philadelphia,  1865.    iio.— From  the  United  State*  Qovemmeia. 

Memoirs  of  the  Boyal  Astronomical  Society.  Vol.  XXXIV. 
London,  1866.    iio.—Fnm  the  Society. 

Transactions  of  the  Boyal  Irish  Academy.  Vol.  XXIV.  Antiqui- 
ties, Parts  5-7;  Polite  Literature,  Part  3;  Science,  Part 
6.     Dublin,  1866.     iio.—From  the  Academy. 

Astronomical,  Magnetical,  and  Meteorological  ObserratioDS,  made 
at  the  Boyal  Observatory,  Greenwich,  in  the  year  1864. 
London,  1866.     4to. — From  the  Obtervatory. 

Voiflcation  and  Extension  of  La  Caille's  Arc  of  Meridian  at  the 
Cape  of  Good  Hope.  By  Sir  Thomas  Maclear.  Vols  L  and 
II.     4to. — Frvn  the  Boyal  Obeervatory,  Oreenwieh. 

Beport  of  the  Professor  of  Astronomy  in  the  Hniverai^  of  Glas- 
gow.    1866.     8vo.— JVwB  the  University. 

Annual  Beport  for  1864-65  of  the  Leeds  Philosophical  and  Lite- 
rary Society.    8vo. — From  the  Soeitty. 

Catalogue  of  the  Library  of  the  Leeds  Philosophical  and  Literary 
Society.    8vo. — From  the  Society. 

Beport  of  the  Proceedings  of  the  Geoli^cal  and  Polytechnic  So- 
cietyofthe  West-Biding  of  Torksbire,  1864-^5.  Leeds,  1866. 
8vo. — From  the  Society. 

Proceedings  of  the  London  Mathematical  Society,  Nob.  1-7.  Svo. 
From  the  Society. 

NugEB  Mathematio89,  by  J.  J.  Sylvester,  LL.D.  1866.  Svo. — 
From  the  Avthor. 

Besnlts  of  a  aeries  of  Experiments  on  the  Strength  of  Colonial  Woods. 
By  James  MelvilleBalfonr,O.G.  1865.  9n.~-From  the  Author. 
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Od  the  AffioitieB  of  FUtyKnuB  BDd  allied  Qflnera.   By  John  Tonng, 

U.D.     IS66.    9,m.— From  the  Ait&or. 
Soienoe  and  Clinrtian  Thonght    By  John  Dodb,  D.D.     LondoD, 

1866.     Svo.— from  the  Author. 
Quarterly  Ketani  of  Births,  Deatbi,  and  Harru^eB  registered  in  the 

Divisione,  GonntieB,  and  DistrictB  of  Scotland,  Nos.   45-47. 

Edinburgh,  1866.    8vo. — Frvm  the  BegietraT-Gmerai. 
Honthly  Betnms  of  Births,  Deathn,  and  Uaniagee  regist«ied  in  the 

Eight  Prinoipat  Towns  of  Scotland.  Uaioh  to  November,  1866. 

Edinburgh,  1866.    Bvo.—From  the  B^wtrar-Oeneral. 
Asnnal  of  the  National  Academy  of  SoienceB  for  1866.  Cambridge, 

V.S.    8*0. — From  the  Academy. 
The  St  Andrews  UntTerBity  Calendar  for  1866-67.     Edinburgh, 

1866.    Sm.—From  the  Univeniti/. 
Modem  Theory  of  Chemioftl  Types,  &o.    By  Charles  U.  Wetheiill, 

Ph.D.,  M.D.    Svo-^From  the  AiUhor. 
A  Word  on  the  Origin  of  Life.    No.  4.    By  James  D.  Dana.    8vo. 

—fhm  Ote  AtOhor. 
Supplementary  Report  od  the  Mortality  Experience  of  the  Soottish 

Equitable  Assuranoe  Society.    By  William  Bobertaon,  M.D. 

Edinbuigh.    SYo^-F^vm  the  Author. 
Geology  and  Kodem  Thought,  an  Addreas  to  the  Edinbur^  Oeolo- 

gioal  Society.    By  Da^id  Page,  F.E.S.E.    8m.-~From  the  So- 
ciety- 
Epidemic  Epizootic  Fever  Cattle  Plague.    By  Draper  Maokinder, 

M.D.    London,  1866.    8vo.— ^om  Ae  Avthor. 
On  Finding  the  most  Economieal  Bates  of  Expansion  in  Steam  En- 
gines.   By  W.  J.  Haoqnom  Bankine,  LL.D.    4to. — From  0^« 

Author. 
The  DistribntioD  and  Migrations  of  North  Amerioan  Birds,     By 

Spencei  F,  Baird.     8vo. — From  the  Author. 
Areas  of  the  Drainage  of  Scottish  Biversand  their  Principal  Tribu- 
taries.    MS.  Plans, — From  James  Leslie,  O.B. 
Catalogue  of  the  Specimenfl  of  Meteoric  Stones  and  Itoob  in  the 

Museum  of  the  Oeologic^  Surrey,  Calontta.    By  T.  Oldham. 

8vo. — From  the  Author. 
On  a  Balanced  Rudder  for  Screw  Steamen.    By  W.  J.  Macqnom 

Bankine,  LL.D.    4to.— JVom  the  AvAor. 
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Hemorie  della  Keale  Aocademu  deUa  Scienze  di  Torioft.    Serie  II, 

Tomo  XXI.    Torino,  1865.    ilo.— From  the  Academy. 
NoTomm  Actorum  Academira  CtMarete  Leopoldmo-CaroUnee  G^r- 

muiioe  Katnm  CmioBorum.  Vol.  XXXII.    Part  I.    Dreadte, 

1865.     ito, — From  the  Academy. 
AbfaaodlaDgea  der  Eoniglichen  A^ademie  der  WisBemobftften  zn 

Berlin,  1864.     4to.— JVtwi  the  Academy. 
Monatebericbte  der  ESniglicben  Frenss.  Akademie  dei  Wiefiena- 

chafton  zn  Berlin,  1865.    Jan.-Juli,  1866.    8vo.— JVom  the 

Academy. 
NienweYerbandelingen  van  bet  BataafBcbG«Qixitaobapderproefon- 

dervindelijke  Wijeb^eerte  te  Botterdam.    Deel  XII.    Stuk 

2,  3.    BoUeidam,  1865.    4io.—From  the  Batanan  Society  </ 

Natural  PhUotophy. 
Hemorie  dell'  Accademia  delle  Soienze  dell'  Istitnte  di  Bologna. 

Serie  n.  Tomo  IV.  Faso.  2-4.    Tomo  V.  Faso.  1,  2.    Bo- 
logna, 1865-66.    ito.—From  the  Academy. 
BendJconto  delle  SeBsioni  dell'  Acoademia  delle  Soienze  dell'  Isti- 

.  tnto  di  Bologna,  1864-65.     8to. — From  the  Academy. 
Becneil  dee  Voyagea  et  des  M^moiree  public  par  la  Soci&U  de 

Otegrapbie.   Tome  VII.  Part  2.  Paria,  1864.  4to.— J^Vmn  the 

Society. 
Memoires  de  I'Acad^mie  Boyale  dee  Soiences,  dea  Lettrea,  et  dea 

Beaux-Arta  de  Belgiqne.  Tome  XXXV.  Bnixellea,  1866.  4to. 

— From  the  Academy. 
Bulletin  de  TAoadimie  Boyale  dee  Sciencea,  dea  Lettrea,  et  des 

Beanz-Arta  de  Beigiqne.    2nd  Serie.  Tome  XX.,  XXI.,  XXII. 

Nob.  6-11.    Brnxellea,  1865.    IVotn  the  Academy. 
H6moirea  Cooronnte  et  antrea  Hfmoicea  pnblite  par  I'Academie 

Boyalede  Beigiqne.    TomeXVUI.    BmxeUes,  1866.    4to.— 

J?^vm  the  Academy. 
Abhandlangen  beiatugegebeD  von  der  Senckenbei^cben  natur- 

forscbenden  GesellBchaft.   Band  V.  pt.  3, 4.  Frankfort,  1665. 

4to. — From  the  Society. 
Amtliohei  Bericbt  nber  die  nenn  nnd  dieiaaigBte  Versammlnng 

DentBcher  Natnrforacber  nnd  Arzte  in  Qieesen  im  Sept.  1864, 

beranagegeben.  Ton  den  Geschaftafubrem  Wemher  nnd  Leuc- 

kart.    GKesaen,  1865.    4to.— fVom  the  AuthtHt. 
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Ufimoires  de  rAcad6mi«  Impfiriale  des  ScieocM  de  St  FfiteraboaTg. 

Vll'.Serie.    Tome  12.  X.,  NM-2.    St  Peterebn^,  1866-66. 

4to. — JVom  tt«  Academy. 
Bolletin  de  I'Aoadgmie  ImpSriale  des  Sciences  de  St  P^tenbourg 

Tome  IX.     8t  Petenbiirg.     4to. — From  tht  Academy, 
Neue  Denkscbiifteii  der  AllgemeiDeu  Schweizerisohen  GesellBcfaaft 

fUr  die  gesftmraten  NKturwisaenscbafteD.  Nonveaax  U^moires 
.   de  1&  Soci^t^  Helvfitiqae  dea  Soiences  NatDrelles.    Band  XXI. 

Zflrich,  1865.     4to.— JVom  the  Society. 
Geschichte  der  Schweizerischen  Natarforecbenden  GeBelUohaft  znr 

Erinnemiig  an  den  Stiflongatag  den  6  Octob.  1815,     Znriob, 

1865.    4to.— JVom  Uu  Society. 
VerbandlnDgen  der  EaiBerlich-EoQiglioben  Zoologisoh-BotaniBcben 

GesellBchaftinWien.    Band.  XV.    Wien,  1866.    Sro.—From 

the  Society. 
finlletiD  de  la  Soci£M  de  O^graphie.    Paris.    Tome  IX.    Aviil- 

Nov.'  1866.     8yo.— JVom  the  Society. 
Schriften  der  UniTeraitat  zu  Kiel  ane  dem  Jabre  1665.    Band  XII. 

Kiel,  1866.     itQ.—From  the  Univereity. 
Atti  dell'  Imp.  Reg.  latituto  Yeneto  di  Scienze,  Lettere  ed  Arti  dal 

Kovembre  1864  all'  Ottobre  1865.  Tomo  X.    F.  11,  pt.  1-4. 

Venezia.    8to. — JVont  Ike  Itutitule, 
U emorie  del  B«ale  latituto  Lombardo  di  Scienze  e  Lettere— Glaaae  di 

Lettere  e  Scienze  Uorali  e  Politiche,  Vol.  X.  1  della  eerie  III. 

Ease  2.    Uatematiche  e  Xaturali,  Vol,  X.,  1  della  aerie  III. 

Faec.  2. — Ito.    Bendiconti  Uatematiche  e  Naturali,  Vol.  II. 

Faec.  3-8.    Moralie  Politiche,  Vol.  II.  Faac  3-7.     8vo.— 

Hilano,  1865. — IVom  the  ItutituU. 
Bulletin  de  la  Saci€t4  Vaudoiao  des  Sciencee  Xatarelles,   Vol.  IX 

Ko.  54.    Laaaanne,  1866.    Sm.—From  the  Society. 
Annales dee Minee,  Faria.    Tome  VIII., Liv. 5-6.; TomeIX.,LiT. 

1-2,     8vo. — From  the  Ecole  det  Mine*,  Pari: 
Sdencee  MatbSmatiqties  et  Fbysiqnes  cbez  lee  Belgee  an  oommenoe- 

ment  du  XIX*.  aitele.    Par  Ad.  Qnetelet    Braxellee,  1866. 

8to. — From  the  Avther. 
AlmoDaque  Nautico  para  1867,  Calcnlado  de  orden  de  S.  H.  en  el 

Obserratorio  de  Uarina  de  la  Giudad  de  S.  Femaodo.    Cadiz, 

1865,     8to.— JVom  the  Oluervaiory. 
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Bvlletiii  de  la  Sooi6U  Polymathiqne  au  Morbihan  1866.    YaoDes, 

1866.    8to.— fWm  th«  Socitty. 
Memoria  aobee  el  Eclipee  de  Sol  de  18  de  Julio  de  1860.    Par  D. 

FrauciBoo  de  Panla  Uarqnez.    Hadrid,  186L    Svo.—Fromtht 

AuOor. 
Aitrouomiache  BeotwchtiuigeD  anf  dei  Eijniglicfaen  TTaiTerBitatB- 

Stemwait  zn  KJjnigabeig.    Von  Di  Edaard  Lnther.    Eod^b- 

beig,  1862.    Vol.— From  the  Author. 
Jahtbnch  dei  £aiaeilich-£oDigIichen  Geologischen  BeichaanBtalt. 

Band  XV.  N».  4.    Band  XVI.  N".   1.    Wien,   Svo^Ftvm 

the  Ardiivar  if  the  Seiehituutalt. 
Denkachriftea  det  EaieetlicheD   Akademie  der  WiaaenBchaften. 

Mathematifloh-NatnrwiBsenBcliaftliclie  Glasse,   Band  XXIV., 

XXV.    FhiloBophiBch-HiBtoriBClie  ClaeBe,  Band  XIV.    Wien, 

1865.  8vo.— i=Vwn  the  Academy. 

SitznngBberichte  der  Eaiseriicben  Akademie  der  WiHenechafteo. 

Phfl.  Hist.  ClasBe,  Band  XLIX.,  L.,  LI.  Heft  1-S. ;  B.  LII. 

H.  1-4.    Matli.-N8t.  01.,  Band  LI.  Heft  3-6. ;  B.  LII.  H.  1-6. 

B.  LIII.  H.  1-6. ;  B.  LIV.  H.  1.    B^iitei  Math.  Nat.  CI., 

Band  V.    Plul.  Hist.  CI.,  Band  V.    Alinanach,  1866.    Wien, 

8vo.— JVom  the  Academy. 
Sitznngsberichte  der  Eiinigl.  bayer.  Akademie  der  WiBBenschaften 

zu  Uunchen,  1865,  Heft  3,  4  ;  1866,  Heft  1-3.    KuDaheo, 

8to.— JVom  tha  Academy. 
Mittheilnngen  dei  Natorforacfaenden  Oeeelkchaft  in  Bern,  aus 

dem  Johra,  1865.  K'.  580-602.    Bern,  1866.    ^tQ^—FromOie 

Society. 
Ubereicht  der  Thiitigkeit  der  Ificolai-Hauptatemwarte  wahrend 

der  ersten   26    Jalires   ihrea    BestebenH,  zuaaoimengeatellt 

Ton  Otto  StTDve.     St  Peterabnrg,  1866.     8-vo.—From    the 

Author. 
Jahresbericbt  am  19  Hal  1866,  den  Comity  der  Nicolai-HanptBtem- 

warte.  Von  dem  alteren  satronomen  W.  DiiUen.  St  Petarsbsrg, 

1866.  8vo.—From  the  Author. 

De  Sarcine  (Sarcina  Tentricnli,  Goodsir)  .ondervoek  naar  de  plan- 
taatdige  nataur,  dem  ligchaamabronw  en  de  ontwikkelings- 
wetten  vui  dit  orgamBme.  Door  Dr  W.  F.  B.  Snringar.  Leeu- 
warden,  1865.     ito.— From  the  Author. 
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Jabreeberioht  uber  die  Fontobritte  der  Chemia  und  Tenrsndter. 

Theile  Mderer  WissenBchaften  tod  0.  Bohn,  Th.  Eagelbacb, 
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ADDDaiia  de  I'Obeerratoire  Boyale  de  BrnxelleB,  par  A.  Qaetelet. 

1866.    12mo.—From  the  (^mrvatoty. 
Archivefl  NeSrlandaiBeB  des  Sdences  Exactea  et  NaturelleB,  publiiet 

par  la  Soci6U  HoUandaiBe  des  Scienoes  a  Harlem.    Tome  I. 

Lit.  1-1    La  Haje,  1866.    Hro.—Fram  the  Boeiety. 
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Simplioii   CommentariDs   in    IV,    Libroa   AriBtoteliB    de  Gelo, 

ex   recensione  Sim,  Earstenii,  mandate    fiegie  Aoademin 

disciplinanim.    Nederlandice  editos,  1866.     4to. — From  the 
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Veralagen  en  Uededeelingen   der   Eoninklijke   Akademie   Tan 

Wetenecliappen  Afdeeling  Letterkoode,  negenda  Deel-Natnnr- 
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— From  the  Academy. 
ProceBBen-Terbaal  ran  de  Gewone  Tei^sderingen  der  Eonioklijke 

Akademie  Tan  Weteniobappen,  Afdeeling  Natnoikunde.  Sto. 

— From  &e  Academy, 
Catalogns  ran  de  Boekerij  der  Eoninklijke  Akademie  Tan  Wetena- 

obappen  geTestigd  ee  Anuteidam.     Tweeden  Deela,  £erBte 

Stnk.    Amsterdaa,  1866.    %m.— From  Om  Academy. 
Jaarboek  ran  de  Eoninklijke  Akademie  van  Wet«iiBohappen,  gevea- 

tigd  ze  Amsterdam.    Voor,  1865. — From  the  Academy. 
Traiti  des  Projeotiona  des  Gartee  CMograpbiqneB,  reprfaentation 

Plane  de  la  Sphere  et  da  Bpfa^rolde,  par  A.  Cteimain,    Paris, 

Sto. — From  the  Author. 
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Thefollomng  PvhlieaUonM  have  been  preaenUd  hy  tAe  Depot 
de  la  Marine,  Parte  : — 

AnnaleB  HydrographiqueH,  2*,  3',  Trimegtre,  Paris,  1865.  8yo. 
Pilote  dn  Oolfe  Saint-Lanient,  3'  Futie.  Farie,  1865.  8to. 
loBtmctionB  Nautiqnee  but  La  Cote  Est  de  la  MaUiaie.   Paris,  1866. 

8to. 
Supplement  aux  Inetraotioiie  enr  la  Her  de  Cbine,  2*  partie.  Paris, 

1865.    Svo. 
Supplfiment  an  Boatiei  de  I'Anstialie.    Forie,  1865,    8vo. 
Boutiei  de  I'lle  Anrigny.    Faris,  1865.    8to. 
BenBeignements  but  quelques  MouillageB  de  la  GSte  d'lslande  et  de 

Norrege.     Farie,  1665.     8to. 
BecheTcheB  Bur  lea  Chroaom^treB  et  lee  iDBtruments  Nantiquei 

VIII."  cahier.    Fans,  1865.    8to. 
LeFilotedelaNoiiTelIeZ61ande,  1"  2*paTtie.    Paris,  1866.    Fol. 
Pilote  de  la  Mar  Noire.    Paris,  1866.    Fol. 


Becheichee  snr  les  Climata  de  I'Epoqne  Actnelle,  et  dee  Epoqnee 

AncienaeB  particnliSTemaDt,  au  point  de  vne  des  Ph^nom&nes 

G-laciaires  de  la  FUriode  Diluvienne.    Far  M.  Sartorins  de  Wal- 

tershaoseii.     Svo. — Prom  the  Author. 
Actes  de  la  Soci£t6  Helv6tique  dee  SciencoB  Natnrellea,  r£uaie  a 

GendTS.     1665.    Sn.~-Prom  the  Soci^y. 
Bif^rapbie  Natiooale  publico  par  I'Acaddmie  fioyale  des  ScieDceSt 

des  Lettres,  et    des   Beaax-ArtB  de  Belgiqne.     1"  partie. 

BnixeUes,  1866.    8vo.--.7Vom  the  Society. 
ObservatioiiB  des  PhSnomenes  p^odiqneB  pendant  I'Annfe  1863. 

^to. — Fnm  the  Bruttels  Academy. 
Sux  lea  travanx  d'ensemble  de  TAcad^mie  Boyale,  et  stir  les  rapporte 

aveo  les  Soci^t^B  SavaDtes  ^tiang^B,  &o.  Far  M.  Ad.  Qaetelet. 

Svo. — From  the  Bruuelt  Academy. 
Lea  Vieux.    Far  M.  Ad.  Mathieu.    Bruxelles,  1866.    8vo.— JVom 

the  BrvtteU  Academy, 
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Berioht  fiber  eine  Sammelreue  durch  England,  Schottland,  Irlaod, 

nnd  die  Schweiz  in  den  Sommeimonaten  des  Jahtee,  1865. 

8vo.— From  the  Nat.  Sia^  Soe.  Vienna. 
Zoologische  Uiacellen,  Nob.  4,  S,  6.    -fivo, — From  the  Nat.  Hut. 

Soc.  Vienna. 
Eine  dringende  Mabnungan  Freande  dei  Fbjsik,  Uecbanik,  nnd 

Astronomie.  Von  Lambert  Y.  West.  WieD,  1866.  8vo. — From 

theAtOhor. 
Dissertatio  qua  ad  audiendam  orationem  pro  loco  in  facilitate  rite 

obtinendo  die  VI.  Ootobris  hon  XI.  in  auditorio  masimo  ha- 

bendam  invitat  Ednaidos  Luther,   Fh.D.     4to. — front  the 

Author. 
La  Sarcine  de  I'EBtomac.  PaiH.  W.  F.  B.  Suringer.  8vo. — From 

the  Ak&ot. 
Bollettino  Ueteorologico  dell'  OBeiratorio  Astronomico  dell'  TJni- 

Tersita  di  Torino,  1866.     Ito. — From  the  Univernty. 
TransoctiouB  of  the  Geological  Society  of  Glaegow.  Vol.  II.  Fart  2. 

8vo. — From  the  Society. 
TiansactionB  of  the  Historic  Society  of  LBncashire  and  GheBhiie. 

New  Series.    Vol.  V.      Liverpool,  1865,     8to.— JWm  the 

Society. 
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Maolaien,  F.B.S.E.    Second  Edition.    Edinbnigh,  1866.  8to. 
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Useful  Information  for  EngineeiB.     Third  Series.    By  William 
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reference  to  the  Spoken  Dialects.    By  H.  A.  Jaeecbke,  Mora- 

Tian  Uieaionary.     1865 — From  Dr  CUghom, 
The  Britiah  Association,  considered  with  reference  to  its  History, 

Flan,  and  BesultB,  and  to  the  approaching  Ueeting  at  Dundee. 

Being  as  Address  delivered  at  the  opening  of  the  Winter 

Seeeion  of  the  United  College  of  St  Salvator  and  St  Leonard, 

in  the  University  of  St  Andrews,  on  Thursday,  November  1, 

1866.    By  JamoB  D.  Forbes,  D.C.L.,  LL.D.,  F.E.S.,  F.G.S. 

8vo. — From  the  Author. 
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ROYAL  SOCIETY  OF  EDINBURGH. 


Monday,  Vlth  December  1866. 

The  Hon.  Lord  NEAVES,  Vice-Preeident,  in  the  Chair. 

The  following  Communications  were  read  : — 

I.  Influence  of  Marriage  on  the  Death-BateB  of  Men  and 
Women  in  Scotland.    By  James  Stark,  M.D.,  4o. 

The  object  of  this  paper  wea  to  show  the  difieient  death-ratefl 
vhich  prevailed  among  the  married  and  unmarried  men  and  women 
in  Scotland. 

It  was  pointed  cat  that  the  mortality  among  the  unmarried  men 
wss,  at  all  ages,  very  much  higher  than  among  the  married ;  that, 
in  fact,  the  mori^ality  of  the  unmarried  was  thrice  aa  high  at  the 
age  20  to  25  yean ;  and  only  slowly  approximated  to  that  of  the 
married  man  at  85  years  of  age. 

The  difference  in  the  death-rates  of  the  married  and  unmarried 
men  was  rendered  more  etrikiog  by  calculating  their  mean  age  at 
death,  when  it  wbb  found  that  from  20  years  to  the  close  of  life 
the  mean  age  at  death  of  the  married  man  was  59^  years,  that  of 
the  unmarried  man  only  40  years — giving  a  difference  in  favour  of 
the  married  man  of  19^  years  o£  life.  When  the  mean  age  at 
death  was  calculated  from  the  25th  year,  it  was  found  to  give  a 
mean  age  of  GO^tha  years  to  ttfe  married,  hut  only  47^thB  years  to 
the  unmarried,  or  a  difference  of  12^  yean  in  favour  of  married 
life. 
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It  WM  pointed  out  th&t  this  appeared  to  be  a  special  provieion  of 
nalnre  to  protect  the  father  of  a  family,  so  that  he  might  provide 
for  hie  oftipriDg,  and  soperintend  their  rearing;  bnt  that  it  waa 
also  capable  of  being  bo  far  explained  by  natural  canaea.  The 
married  man  was  in  one  sense  a  selected  life  ;  becanse  the  weak, 
the  dise^ed,  the  intemperate,  and  the  Ucentioas,  did  not  marry; 
so  that  all  this  anfaealthy  class  of  persons  remained  bachelors,  and 
it  vaa  a  known  fact  that  their  mortality  was  high. 

It  was  then  pointed  out  that  summarising  the  tables — that  is, 
comparing  the  total  deaths  at  all  ^es  with  the  total  namber  living, 
led  to  a  conclusion  the  very  opposite  of  the  tmtb,  inasmuch  as  it 
seemed  to  prove  that  unmarried  men  had  the  healthiest  liveB.  for 
it  showed  that  in  every  100,000  unmarried  men  only  1723  died 
annually,  in  a  like  nnmber  of  married  men  2338  died ;  and  the 
natural  conclusion  from  each  a  fact  would  be,  that  the  death-rate  of 
the  unmarried  was  much  lower  than  that  of  the  married  man. 

It  was  explained  how  this  paradoxical  result  was  produced  ;  and 
the  English  Begistrar-General's  tables  of  the  mortelity  of  men 
following  different  occnpationa  was  lefeired  to,  showing  the  fallacy 
of  summarising  the  facts  in  these  tables,  at  the  same  time  pointing 
out  how  the  true  comparative  healthiness  of  each  occupation  could 
be  ascertained. 

The  death-rates  of  the  married  and  unmarried  women  were  then 
explained.  It  was  shown  that  at  each  qninqueuniat  age,  from  IS  to 
30  years,  the  death-rates  of  the  married  women  slightly  exceeded 
that  of  the  anmarried,  being  greatest  at  the  junior  age,  hut  ap- 
proximating mid  becoming  identical  at  30.  From  30  to  40  years 
the  mortality  of  the  married  women  was  slightly  lower  than  that 
of  the  unmarried,  but  from  40  to  45  it  was  very  slightly  higher. 
From  45  years  to  the  close  of  life,  however,  the  death-rates  of  the 
married  women  were  lower  than  those  of  the  nnmanied.  The  dif- 
ference, however,  was  comparatively  trifling  at  every  age,  as  com- 
pared with  the  mortality  of  the  married  and  unmarried  men. 

It  was  explained  that  these  variations  in  the  death-rates  of  the 
married  and  unmarried  women  were  explicable.  The  higher  mor- 
tality among  the  married  under  30  years  waa  caused  by  the  addi- 
tional dangers  which  attended  the  birth  of  the  first  child,  and  just 
in  proportion  to  the  number  of  mothers  who  bore  their  first  child 
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was  the  mortality  at  eacli  quinquennial  period  of  life.  The  slightly 
higher  mortality^  again,  in  the  married  between  40  aud  45  yeara  of 
age,  at  which  time  the  change  of  life  ogcufb  amoDg  the  women  of 
Scotland,  vaa  attiihuted  to  their  coQatitutione  having  been  some- 
what weakened  hy  this  childbearing,  lactation,  and  the  extra  lahaurs 
and  fatigues  attending  the  rearing  of  their  children. 


2.  On  tbe  Physiological  Action  of  the  Calabar  Bean  {Phy- 
aoatigma  vaienoaum,  Balf.)     By  ThomaB  E.  Fraser,  M.D.  * 

Although  many  able  obaerren  have,  within  the  last  few  yeara, 
investigated  the  physiological  action  of  the  Calabai  bean,  a  singular 
amount  of  discordance  has  characterised  the  lesults  arrived  at.  An 
intention,  in  the  first  place,  of  adding  proofs  in  confirmation  of  the 
views  advanced  in  an  investigation  published  io  1862,  has  induced 
the  author  to  reconsider  the  subject.  The  result  has  been  that  the 
actions  of  this  substance  h^ve  been  fonnd  to  be  much  more  compli- 
cated than  was  at  first  supposed,  and  this  may  he  understood  when 
it  is  stated  that  it  acts  on  the  spinal  cord  and  on  the  motor  nerves, 
and  also  on  the  sympathetic  system,  and  that,  in  this  manner,  it 
directly  infinences  nearly  all  the  vital  functions.  It  is  not  pro- 
posed, at  this  time,  to  examine  what  must  be  regarded  as  the  most 
curious  action  of  Physostigma,  that,  namely,  on  the  pupil,  which 
results  from  its  topical  application  to  the  eyeball  or  to  the  mucous 
membranes  which  are  anatomically  connected  with  it.  The  theories 
of  this  action,  though  some  of  them  have  been  advanced  by  men 
of  such  eminence  as  Dondeis,  Oraefe,  Bosenthal  and  Bowman,  are 
extremely  unsatisfactory.  It  is  hoped  that  a  distinct  conception 
of  the  general  physiological  effects  will  suggest  a  correct  explana- 
tion of  the  myoeitic  action,  and  there  can  be  no  doubt  it  will  assist 
in  arriving  at  this  conclusion.  , 

In  the  following  experiments,  an  extract  prepared  by  acting  on 
the  finely  pulverised  kernel  with  boiling  alcohol  has  been  used. 
This  preparation  contains  a  considerable  proportion  of  fatty  matter, 
which  prevents  its  perfect  solution  in  water;  and,  as  the  division 
into  separate  doses  of  a  mere  watery  suspension  would  lead  to  maoy 
inaccuracies,  it  was  found  necessary  to  weigh  the  requisite  quantity 
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of  extract,  separately,  for  each  experiment.  This  extract  is  hygio- 
Boopio,  which  further  required  that  it  should  be  dried  and  kept  in 
vacuo  07er  enlphnrio  acid.  The  greatest  number  of  the  experi- 
ments were  made  with  the  common  frog  {Sana  temfMraria),  birds, 
and  Yarions  mammals.  It  was  found  that  fatal  results  were  pro* 
duoed  with  the  smallest  quantity  on  birds,  and  that  the  largest 
doses,  in  proportion  to  weight,  were  reqnired  by  amphibia.  A  dose 
of  one-sixteenth  of  a  grain  proved  rapidly  fatal  to  a  pigeon,  whereas 
three  grains  have  been  recovered  from  by  a  frog — a  quantity  anfG- 
.cient  to  produce  death  iu  a  dog  of  average  size. 

The  immediate  oanses  of  death  in  birds  and  mammalia  were 
found  to  be  syncope  and  asphyxia,  or  a  combination  of  the  two; 
and  a  marked  conneotioQ  was  observed  between  the  dose  and  ita 
rate  of  absorption,  and  the  preponderance  of  one  or  other  of  these 
effeots.  In  frogs,  the  cardiac  and  respiratot?  functions  were  rapidly 
affected,  but  complete  destmotion  of  all  the  vital  functions  of  the 
animal  never  occurred  for  many  horns.  This  slowness  in  the  pro- 
gresB  of  the  effects  tiom  one  system  to  another,  constituted  the 
peculiar  advantage  of  employing  this  animal  in  the  research,  as, 
thereby,  it  was  possible  distinctly  to  determine  the  sequence  of  the 
phenomena.  In  animals  of  a  higher  type,  the  impIiQation  of  one 
system  so  rapidly  influeooes  the  others,  that  symptoms  follow  each 
other  with  ench  speed  as  to  increase  very  greatly  the  difficulties  of 
a  clear  apprehension. 

The  following  are  the  conclnsione  of  the  investigation. 

A,  Action  through  the  Blood. 
1.  Pbysostigma  proved  fatal  to  every  animal  hitherto  examined, 
with  the  single  exception  of  the  EsfirS  moth.  Death  is  most  rapidly 
caused  in  birds  and  mammals  by  the  injection  of  the  poison  into 
the  ciroulatioQ,  or  when  it  is  brought  in  contact  with  a  wounded 
surface.  It  follows  nearly  as  quickly  when  Calabar  bean  is  in- 
troduced into  a  serous  cavity,  and  much  less  rapidly  when  intro- 
duced by  the  mucous  membrane  of  the  digestive  system.  In 
rabbita,  death  has  been  caused  by  its  application  to  the  Scbnei- 
derian,  auditory,  and  conjunctival  mucous  membranes.  The  skin 
of  frogs  resists  ita  effects  for  a  long  time,  but,  if  applied  for  a  snffi- 
ctent  period  and  with  proper  precautions,  distinct  evidence  of  its 
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abaoTption  may  be  obtained,  though  death  has  never  been  caused 
by  encb  application. 

2.  The  eontaot  of  the  extract  of  Calabar  bean  with  the  gastrio 
juice  of  a  dog  for  twenty-fonr  home,  at  a  tempeiature  a  little  aboTe 
95°  F.,  did  not,  in  the  Hligliteat  degree,  modify  its  enei^. 

3.  A.  large  doee,  injected  into  the  abdominal  cavity  of  a  frog, 
affects  nearly  simnltaneooely  the  heart  and  epinol  cc^d,*  and  very 
rapidly  destroye  the  vitality  of  both  organs.  With  such  a  doee,  the 
motor  aervee  ore  onaffeoted,  and  retain  their  conductivity  for  at 
least  thirty  hours.  Evidence  of  the  activity  of  the  afferent  nerves 
may  be  obtained  bo  long  as  the  retained  vitality  of  the  spinal  cord 
permits  of  its  diastaltio  function  being  examiiied. 

4.  An  average  doee,  in  the  first  place,  impairs  the  fanction  of  tbe 
spinal  cord  and  diminishes  tbe  rate  of  the  cardiac  contractions  and 
of  the  respiratory  movements,  and,  soon  after,  these  latter  cease. 
In  periods  varying  from  one  and  a-half  to  four  hours  afterwards, 
the  motor  nervet  are  paralyied,  this  paralysis  first  implicating  the 
endorgans  of  these  nerves,  and  afterwards  the  nerve  trunks; 
From  this  it  must  not  be  inferred  that  the  nerve  is  paralysed  by  a 
centripetal  progression  of  tbe  poison,  the  only  fact  which  was  de- 
monstrated being  that  a  direct  ratio  existed  between  subdivision 
of  nerve  substance  and  facility  of  contact  of  poison,  on  the  one 
hand,  and,  on  the  other,  rapidity  of  paralysing  effect.  Indeed, 
division  of  tbe  nerve  trunk,  previous  to  the  administration  of 
Calabar  bean,  delayed  tbe  paralysia  of  its  endorgans.  The  afferent 
nerves  retain  their  activity  so  long,  at  least,  as  the  functions  of  the 
spinal  cord  are  not  lost,  and  this  generally  happens  about  the  same 
time  as  the  motor  paralysis. 

5.  When  a  small  but  still  fatal  dose  of  Calabar  bean  is  ad- 
ministered to  a  frog,  the  effects  are  the  same  as  those  in  the  previous 
conclusion,  until  they  arrive  at  the  stage  of  paralysis  of  the  motor 
nerves,  and,  after  this,  an  interval  of  several  hours  may  el^)se 
before  the  functions  of  the  spinal  cord  are  completely  suspended. 
During  this  interval  the  iactHe  senHibiJity  of  the  afferent  nerves  is 
increased ;  so  that,  if  the  ischiadic  artery  and  vein  of  one  limb  were 
tied  before  the  exhibition  of  the  poison,  an  ordinary  excitant,  such 

*  The  eSecti  on  the  Bpinol  cnrd  were  determined  by  Tiequent  meMurunieiita 
of  tbe  reflex  sctiv it;  b;  meauB  of  the  MUionome. 
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SB  enlphnric  acid,  will  ehow  everywhere  a  marked  dimiDUtiou,  as 
meaauFed  hy  the  metronome,  in  the  diastaltio  activity;  while  a 
Blight  touch  of  the  skin  in  the  poiaoaed  region,  which  hefore  the 
administratian  of  the  poison  caused  no  eSect,  will  now  produce 
faint  twilihes  of  the  limh  whose  Teasels  are  tied. 

6.  A  frog  inay  have  iU  cardiac  eoniracticma  redactdfrom  seventy 
to  eight  or  ten  per  minute,  ite  respiratory  movettiente  completely 
stopped,  and  (Ae  endorgatu  of  its  motor  nerves  paralysed,  by  a  tl^l 
smaBer  dose,  and  afterwards  completely  recover.  This  hati  occurred 
when  two  grains  were  injected  into  the  abdominal  cavity  of  a  frog 
weighing  seven  hundred  and  thirty  grains. 

7.  In  frogs,  the  voluntary  maacles  are  unaffected  by  the  poiaon, 
and  may  continue  to  respond  to  galvanic  stimulation  during  three 
or  four  days  after  its  administration.  The  contrast  and  indepen- 
dence in  the  effects  of  Calabar  bean  on  the  motor  nerves  and  on 
the  muscles  may  bo  well  shown  hy  ligaturing  the  ischiadic  vessels 
of  one  limb  before  injecting  the  poison.  If,  when  strong  stimu- 
lation causes  no  reflex  movement,  the  two  gastrocnemii  muscles 
with  their  attached  nerves  are  so  placed  that  an  interrupted  cur- 
rent, fr«m  one  Daniell's  cell  and  Du  Bois  Boymond's  induction 
apparatus,  may  he  transmitted  simultaneously,  either  through  both 
muscles,  oi  both  nerve-trunks,  it  will  be  found,  in  the  case  of  the 
muBoIee,  that  when  the  secondary  coil  is  slowly  advanced,  contrac- 
tions will  occur  with  the  same  current  in  both  muscles,  or  with  a 
weaker  current  in  the  case  of  the  poisoned  thui  of  the  non-poisoned 
muscle,  this  varying  with  the  length  of  time  which  has  elapsed 
since  the  limb  was  deprived  of  blood  ;  when  the  Current  is  trans- 
mitted through  both  nerves,  contractions  will  be  simultaneously 
produced,  or  with  a  weaker  current  in  the  nou-poisoned,  or  contrac- 
tions will  occur  in  the  non-poisoned  muscle  only,  this  varying  with  . 
the  length  of  time  which  has  elapsed  since  the  exhibition  of  the 
poison. 

8.  In  mammals  and  in  birds  the  voluntary  muscles  are  affected 
in  a  very  remarkable  manner.  At  an  early  stage  of  the  poisoning 
faint  twitches  occur,  which  gradually  extend  over  the  body,  and, 
at  the  same  time,  increase  in  vigour,  so  as  to  interfere  with  the 
respiratory  movemeuts.  Shortly  before  death,  they  again  become 
mere  successive  twitches,  often  requiring  the  band  to  be  plsc«d 
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over  the  part  in  order  to  diBtingutBh  their  existence.  After  death, 
if  a  mascnlar  surface  be  ezpoeed,  these  twitches  Till  be  observed 
to  rarely  ioToIve  the  whole  of  one  mnscle,  but  at  different  timea 
different  muscular  fascicoli ;  aad  they  may  peisiet  for  more  than 
thirty  minutes  after  death,  They  are  caused  by  a  direct  effect  of 
Calabar  bean  on  the  muscular  snhstanoe.  This  is  shown  by  their 
occurring  in  mnecles  after  paralysis  of  the  motor  nerves,  by  their  per- 
sisting in  a  muscle  cut  out  of  the  body,  and  by  their  Don-occnrrence 
in  parte  which  have  been  separated  by  ligature  from  the  circulation. 

9.  The  heart's  action  is  rapidly  elowered  and  then  stopped,  iu 
birds  and  mammals,  by  a  large  dose.  In  dogs  it  may  diminish  to 
one-half  in  three  minutes  and  cease  in  ten.  A  large  dose  injected 
into  Uie  abdominal  cavity  of  a  frog  canaes  rapid  and  complete  para- 
lysis. A  smaller  dose  causes  either  a  gradual  cessation  and  then 
a  renewal  at  a  diminished  rate,  or  a  gradual  elowering  from  sixty  or 
seventy  to  four  or  six  beats  per  minute,  followed  by  a  gradual  acceler- 
ation to  a  diminished  rate  varying  from  eight  to  twenty  per  minute. 
At  this  stage,  and  for  many  hours  afterwards,  the  only  signs  of 
vitality  are  the  diminished  cardiac  action  and  the  power  of  the 
voluntary  mnsoles  to  respond  to  galvanio  and  other  stimulation. 
In  the  frog,  where  alone  this  diminution  without  stoppage,  suc- 
ceeded by  partial  acoeleratioo,  has  been  observed,  the  heart  may 
oontinue  so  to  contract  for  three,  and  for  even  five  days,  provided 
the  temperature  of  the  apartment  be  as  low  aa  60°  F,  After  stop- 
page, galvanic  stimulation  may  cause  a  renewal  of  its  rythmical 
contraction ;  but  this  is  usnally  lost,  and  unrytbmical  and  partial 
contractions  can  be  only  exoited.  The  heart  ceases  to  contract  in 
diastole  with  all  its  chambers  full. 

10.  The  pneumogaetric  nerves  retain  their  inhibitory  power  on 
the  heart  during  the  whole  time  from  the  diminution  to  the  partial 
recovery  of  its  action.  Soon  after  this,  however,  they  are  paralysed ; 
and  this  occurs  at  nearly  the  same  time  as  the  affection  of  the 
motor  nerves. 

11.  Division  of  the  pneumogaetric  nerves,  or  destruction  of  the 
medulla  oblongata  and  medulla  spinalis,  does  not  protect  the  heart 
from  the  action  of  Physostigma. 

12.  The  lymphatic  hearts  of  frogs  poisoned  fay  Calabar  bean  soon 
cease  to  contract. 
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13.  A  luge  dose  paialyaea  the  cerrioal  Bjmpathetic  nerroe  ia 
rabbita  before  the  death  of  the  animal.  A  smallei  fatal  dose 
dimiDishea,  witbont  destroying,  their  activity. 

14.  Before  the  stoppage  of  the  heart,  proofs  may  be  obtained  of 
the  vitality  of  its  sympathetio  ganglia,  and,  as  striped  muscle  is 
not  affected  by  Calabar  bean  conveyed  by  the  blood,  we  are  obliged 
to  infer  that  the  cardiac  sympathotio  system  may  be  destroyed  by 
a  laige  dose,  and  its  activity  lessened  by  a  smaller  one. 

15.  The  animal  temperature,  both  external  and  int«mal,  has 
been  invariably  observed  to  rise  in  tabbits  and  dogs,  but  only 
slightly. 

16.  The  condition  of  the  CBpiUary  circulation  was  examined  in 
the  web  of  the  frt^.  Soon  after  the  exhibition  of  the  poison,  the 
smaller  arteries  and  veins  contracted  slightly;  after  a  short  interval, 
this  contraction  was  succeeded  by  a  rapid  and  permanent  dilatation, 
in  which  the  calibre  of  the  vessels  was  considerably  above  their 
maximnm  previous  to  the  poisoning.  This  dilatation  of  the  capil- 
laries appears  to  occur  universally  over  the  body,  as  is  shown  by  a 
peculiar  blue  coloration  of  the  voluntary  mosclea  and  of  the  heart, 
a  similar  coloration  of  the  serous  and  fibro-aerous  tisanes,  and  a 
congestion  of  the  blood-vessels  in  the  conjunctiva  and  iris.  These 
changes  occur,  also,  in  a  less  marked  manner,  in  birds  and 
mammals. 

17.  The  general  results  of  experiments  in  which  the  arterial  and 
venous  tensions  were  examined  were,  that  almost  immediately  after 
the  administration  of  Oalabar  bean  the  arterial  tension  rose  slightly, 
attained  its  maximum  when  the  number  of  cardiac  contractions  had 
diminished  to  at  least  one-half,  and  then  rapidly  fell ;  and  that 
the  venous  tension  rose  less  quickly,  attained  its  maximum  when 
the  arterial  tension  had  diminished  considerably,  and,  in  its  turn, 
fell,  though  more  gradually  than  that  of  the  arterial  system.  The 
number  of  the  cardiac  contractions,  when  the  venous  tension  had 
attained  its  maximnm,  was  about  one-third  of  the  average  before 
the  poisoning;  the  respirations  were  rather  less  frequent  than 
before,  and  the  temperature  had  risen  a  few  tenths  of  a  degree. 

18.  Physostigma  causes  extreme  diffusion  in  the  pigment  cells 
of  the  frog's  skin,  and  so  a  very  marked  change  occurs  in  the  colour 
of  the  animal  during  the  progress  of  the  symptoms. 
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19.  The  peristaltic  action  of  the  inteatinei  is  oBiiallj  dsetroyed  at 
death ;  it  may,  however,  continne  a  ehoit  time  afterwards. 

20-  The  pupil  contracts  in  all  coaes  of  rapid  poisoning  in  i 
malia  and  in  birds.    When  the  doee  is  small,  in  place  of  contrac- 
tion, dilatation  is  Bometimes  observed ;  hnt  this  is  extremely  rare. 
In  frogs  the  pnpil  has  been  generally  observed  to  contract,  bnt  no 
connection  conld  be  determined  between  the  dose  and  this  symptom, 

21.  Calabar  hean  acts  as  on  excitant  of  the  secretory  system, 
increasing  the  action  of  the  alimentary  maooas,  of  the  lachrymal, 
and  of  the  salivary  glands, 

22.  The  symptoms  of  poisoning  are  not  materially  altered,  in  the 
frog,  by  the  removal  of  the  brain  or  by  division  of  the  cervical  por- 
tion of  the  spinal  cord. 

23.  Artificial  respiration  do«  not  prevent  death  in  mammals 
after  the  exhibition  of  a  poisonons  dose.  This  is  a  necessary  result 
of  the  effects  of  Physostigma  on  both  the  oerebro-spinal  and  sym- 
pathetic systems. 

24.  Congestion  of  internal  organs  occasionally  occnrs,  bnt  this 
is  by  no  means  an  invariable  conseqnence  of  a  fatal  dose. 

25.  The  blood  is  dark  after  death,  bnt  becomes  arterialised  on 
exposure  to  the  ait;  it  naaally  clots  loosely  and  imperfectly;  and, 
when  examined  with  the  spectroscope,  the  bands  of  scarlet  crarine 
are  fonnd  unchanged.  A  microscopic  examination  demonstiates, 
in  the  rabbit  and  dog,  an  invariable  change  in  the  coloured  cor- 
puscles, which  have  their  outlines  distinctly  crenated.  This  change 
is  not  observed  in  the  blood  of  birds  or  amphibia.  The  white  cor- 
puscles remain  unaltered. 

B,  Topical  HJeeU. 

1.  When  ai^lied  to  the  surface  of  the  brain  of  a  frog,  no  effect 
was  produced ;  but  when  the  poison  was  brought  in  contact  with 
the  Bpintil  cord,  a  few  twitches  occurred  in  the  extremities,  followed 
by  paralysis  of  the  portion  of  cord  acted  on. 

2.  When  Calabar  bean  is  applied  to  a  mixed  nerve,  in  a  concen- 
trated form  and  with  proper  precautions  to  prevent  absorption,  the 
afferent  nerve-flbres  are  first  paralysed,  and  afterwards  the  efferent. 
This  is  readily  demonstrated  by  acting  on  the  sciatic  nerve  of  the 
frog  and,  after  some  time,  administering  a  small  dose  of  strychnia. 
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3.  Topical  applioation  deatroyB  tbe  coDtroctility  of  abiped  and 
of  uDBtnped  mnBcalar  fibre.  The  heart's  action  is  stopped  by 
repeated  application  to  the  pericardium  or  to  its  external  Burface. 
If  a  BnflScieiit  quantity  be  injected  into  one  of  ita  chambers,  paia- 
lyds  nearly  immediately  follows. 

4.  The  efTects  of  the  application  of  Calabar  bean  to  the  eyeball 
are  a  somewhat  painfnl  seneation  of  tension  in  the  ciliary  region, 
contraction  of  the  pnpi'i  with  immobility  in  extreme  contraction, 
myopia  and  astigmatism,  congestion  of  tbe  conjunctival  veesels,  and 
twitches  of  the  orbicularis  palpebrarum  muscle. 

3.  Od  Bome  f  henomena  of  lodistiDct  Tieion.  By  Edward 
Sang,  Esq. 

If  an  exceedingly  small  luminous  object  be  placed  in  front  of 
the  eye,  but  out  of  the  range  of  distinct  vision,  it  appears  to  be  a 
roundish  bright  disc  tntTersed  by  various  markings,  and  most  of 
these  markings  are  found  to  be  permanent  for  the  same  eye,  but 
different  for  tbe  two  eyes.  The  subject  of  the  present  paper  is  a 
modification  of  thia  appearance. 

Instead  of  a  luminous  point  let  us  take  a  very  narrow  luminous 
line,  such  as  a  small  slit  in  the  window-shutter,  or  the  reflection  of 
the  light  of  a  fire  from  a  polished  metallic  rod,  and  let  us  put  this 
out  of  focus  by  means  of  a  pair  of  convex  spectacles.  On  regard- 
ing the  luminous  line,  without  any  attempt  to  adjust  the  eye  to 
distinct  vision,  we  perceive  a  long  luminous  band,  the  breadth  of 
which  varies  with  the  distance  of  the  line.  When  the  luminous 
line  is  brought  into  focus,  the  apparent  breadth  becomes  zero ;  it 
increasea  as  the  line  is  moved  beyond  or  within  the  dietanob  for 
distinct  vision. 

If,  having  removed  the  shining  line  to  a  considerable  distance, 
BO  ae  to  obtain  a  pretty  broad  band,  we  take  a  thin  ring,  such  as 
that  used  for  keys,  in  the  hand,  and  pass  it  close  to  the  eye  so  as 
to  intercept  part  of  the  light,  we  shall  perceive  that  the  bright 
band  is  traversed  for  its  whole  length  by  a  dark  line,  and  that  this 
line  moves  across  it  in  the  direction  of  the  motion  of  the  ring. 

On  removing  the  ring  to  a  little  distance,  the  black  line  produced 
by  it  is  seen  to  be  curved  in  the  same  direction  with  the  curvature 
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of  the  ring ;  and  an  attentive  examination  ehowa  that  its  cniratura 
IB  mnoh  less  than  that  belonging  to  the  projectioD  of  the  ring  to 
the  same  distance.  As  the  cnrved  vire  Is  farthec  removed,  the 
appearance  of  the  dark  line  becomes  that  of  an  elliptic  arc  taken 
from  near  the  end  of  its  shorter  axis ;  and  vhen  the  ring  is  taken 
to  the  distance  proper  for  distinct  vision,  the  dark  band  becomes 
circnlar,  becomes,  in  fact,  the  true  image  of  the  ring  itself. 

If  we  continue  to  remove  the  ring  to  a  greater  distance  from  the 
eye,  the  curvature  of  the  dark  band  is  increased,  and  presents  the 
appearance  of  a  portion  of  an  ellipse  taken  from  near  the  end  of 
the  major  axis.  Its  motion  across  the  luminous  band  is  evidently 
greater  thui  that  due  to  the  movement  of  the  ring. 

Let  us  no#  bring  the  luminous  slit  within  the  distance  for  dis- 
tinct vision,  01,  better,  let  ns  remove  the  optical  focus  to  beyond 
the  luminous  «lit,  by  wearing  a  pair  of  deep  concave  glasses,  and 
we  shall  find  that  the  motion  of  the  dark  line  is  opposite  in  direc- 
tion to  that  of  the  ring,  and  that  the  curvature  is  also  turned  tbe 
othet  way. 

It  was  this  reversion  which  drew  my  attention  to  the  phenomena; 
and,  not  recollecting  of  having  seen  it  noticed,  I  thought  it  worth 
while  to  bring  it  before  the  Eoyal  Society. 


4.  Note  OD  DeterminaDts  of  tbe  Third  Order.    By  Professor 
'    Tait. 

Hamilton  long  ago  showed  that  if  we  have 
a  =  m;   +  jy    +  A*, 

7  =  **s  +m  +  *»,. 

then 

.  afiy    =    — 

"^i  Si  ' 

This  opens  up  an  exceedingly  simple  quaternion  path  to  the 
proof  of  various  properties  of  determinants  of  the  third  order. 
Several  of  those  I  subjoin  have  long  been  known,  some,  however, 
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appear  to  be  new,  and  our  metbodB  indicate  how  to  obtain  an 
unlimited  number  of  new  ones;  bat  alt  are  proved  mnoh  mora 
limply  than  by  the  usnal  prooesBeB. 

(1.)  We  have  at  once,  fay  quatomioDe, 

In  itfl  algebrwo  form  this  ia 

»+«!    y+yi    »+«i 

'^  +  *i  yi  +  Ji  «!  +  «» 
<=i  +  *    yj  +  y    «i  +  * 

(2.)  Ag^ 

S.YafiY^Yya  =    -  (8  .  a^)\ 
or 

y*i    -  ^1      ««,-«»,      ay,    ■ 

y,*j  -  *iy,     «.o:j  -  ir,a,     aj/^  - 

y^    -  «jy     ejo:    -  x^     x^    • 
This  is  the  well-known  property  of  the  Beciprocal,  or  determinant 
formed  from  the  minore  of  the  original  datormiaant. 

(3.)  Since  we  have 

VajS   =   *    [y  «    I  +J  I  «  «    I  +fc  I  «  y    I 

1  y> «.  I        I  <=■ «.  I        K  y.  I 

(whose  applioation  to'  (2)  is  obvious),  we  may  also  write 


- 

«    y    > 

".  y,  »i 

ej  y»  «s 

(4.)  But,  if  we  put 


=  (■, 
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which  ia  easily  aeso  to  agree  with  (S).    Fiom  this  many  well-known 
theorems  may  be  dednoed  at  once. 

(5.)  By  (1)  and  (2)  we  have 

S.  (Vo^  +  V^)  (V^y  +  VTa)  (Vya+Yaff) 
=  2  S  .  Va^  Vy37  Vt*!  =  —  2  (S  .  a^yf. 

(6.)  Similarly,  if  we  put 

C  =  V  (TtM^VH^  Va^+V;9y), 
we  have 

S.a.^=    —   (8 .  Va^  +y$y  V$y  +V70  V7a  +Va^)' 
=    -  4  (S  .  «^y)*. 

Bnoh  theorems  nay  be  tnnltiplied  indefinitely;  bnt  we  have 
already  reached  a  stage  in  which  the  algebraio  form  is  very 
nnwieldy, 

(7.)  The  common  rale  foi  the  multiplication  of  two  determinants 
is,  of  course,  easily  found  by  this  process  in  the  form 

S.afiyS.afijt,  -  I  Sao,  Sa^.  807. 
Sj9a,  Sfifi,  Sfly, 
I  S7«.  87A   S77. 

The  foUoTing  GeDtlemen  were  admitted  Fellows  of  the 
Society : — 

T.  B.  Jojumov,  E«q. 

Oboboi  F.  BABBOoa,  Eiq.,  of  Boukeid. 

David  Datimom,  Esq. 

FnKK  Waddbll,  E«q. 

Otoao*  Haxvey,  Eaq. 

Qkikqi  SriKLiMa  Hon  Dbdhmohd,  E*q.  of  Aidoch. 

ProfeMOi  FoLLBK,  AberdMD. 

The  folloviDg  Donations  to  the  Library  were  annoiinced : — 
Transactions  of  the  Boyal  Scottish  Society  of  Arte.    Vol.  VII. 
Part  2.    Edinburgh,  1866.    Svo.—From  the  Soeutt/. 
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Thirty-Ninth  Annual  Report  of  the  Bo;al  Scotdsh  Acaijemy  of 

Fainting,  Sculptore,  and  Atchitectnre.     Edinburgh,  1666. 

8vo; — From  the  Academy.  ■ 
Jonmal  of  the  Statistical  Society  of  London.     Vol.  XXIX.     Fart 

4.    London,  1866.    8to.— ^rom  tkt  Society. 
The  American  Journal  of  Science  and  Arts.    Second  Series.    No. 

126.    New  Haven,  1866.    8vo.— From  tAe  Editor*. 
Conferences  Agricoles  fait«a  an  champ  d'ezperiences  de  Yiacennes 

dans  la  aaiaon  de  1864.    Far  M.  Georges  Ville.    Fremi^re-^ 

Sixidme  Conference.     Faris,  1865-66,    8to. — f^om  Ae  AtUhor. 
JahreHbericht  iiber  die  Fortschritte  dei  Ghemie    und  verwandter 

Theile  anderen  WisBenschaften,     tTnter  Mitwirkung  von  C. 

Bohn  nnd  Th.  Engelbach  heranegegeben  toq  Heinrich  Will ; 

fur  1865.    Zweites  Heft.     Girasen  1866.     8to.— i^rom  the 

Editors. 
Monatabericht  der  Koniglichen  FrensBiBchen  Akademie  der  Wissen- 

schaften  zu  Berlin.     Augnat  1866.     8to. — From  &e  Academy. 
Annales  des  Mines.     6*  SSrie.     Tome  IX.     2",  3*  Livraison  de 

1866.     Fans,  1866.     8\o.—Fr<m  ihe  Commiition  of  Mine*. 
B^Biim6  Mfit^oTologiquQ  de  TAnn^e  1865,  pour  Grendve  et  le  Grand 

Saint-Bernard.    Par  E.  Plantamour.    Genftve,  1866.     8vo.— 

From  the  Author. 
Memoiiea  de  la  SociStS  de  Fhysique  et  d'Hiatoire  Natnrelle  de 

Gendve.     Tome  XVIII.     2  partie.     ito.—From  the  Society. 
Experiences  faitee  a  Geneve  avec  le  pendule  a  B^version.     Far  E. 

Plantamonr.     Geneve,  1866,     4to. — From  the  Autitor. 
Ahhandlnngen  der  EonigUchen  Gesellschaft  der  WisBenBchafteu 

EuG^ttiDgen.    XII.Bond.    Oottingen,  1866.    ito.—From  the 

Society. 
Almanaqne  Nautico  para  el  afio  1868,  calcnlado  de  drden  de  S.  M. 

CB  el  observatorio  de  Marina  de  la  Cindad  de  S.  Fernando. 

Cadiz,  1866.    8vo.— Fwn  the  OUenalory. 
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noonday,  7th  January  1867. 

The  Hon.  Lord  NEAVES,  Vice-Preeident,  in  the  Chair. 

Dt  HuaHBB  Bhnhxtt,  at  the  requeet  of  the  Council,  performed 
several  experimeDte  vitb  a  view  of  showiog  how,  in  modern  times, 
pbysiolog;  vas  succeBsfully  inveatigated  b;  means  of  newly  in- 
vented instruments.  He  noticed  especially  the  snbject  of  animal 
electricity,  stating,  that  a  specimen  of  the  MelayUrw^vt  (entmetuw 
which  had  been  forwarded  to  him  from  Old  Calabar  in  Africa,  had 
been  preserved  for  eighteen  months  in  one  of  the  hot-honses  of  the 
Botanic  Garden  of  this  city.  Unfortunately,  it  died  only  that 
afternoon.  He  regretted  that  the  arrangements  he  had  made  for 
showing  the  electrical  cnnents  in  muscles  and  nerves  had  failed,  in 
consequence  of  the  injnry  which  had  been  inflicted  on  two  of  the 
delicate  galvanometera,  recently  invented  by  Sir  W.  Thomson,  in 
their  transit  from  the  University  to  the  Society's  Booms.  He  pro- 
ceeded, however,  to  show  the  influence  of  continued  and  interrupted 
streams  of  electricity,  on  mnscles  and  nerves.  The  law  of  contrac- 
tion in  muscles,  aa  determined  by  Pflnger,  was  clearly  demonstrated, 
and  the  variations  in  the  influence  of  the  continued  stream,  accord- 
ing to  ita  amount  and  direction,  were  fully  exhibited.  The  phe- 
nomena of  electrotouns  and  the  excitability  of  nerves  were  next 
illoBtrated  by  experiments.  He  then  explained  and  peri'ormed  the 
experiment  of  Helmholz,  demonstrating  how  the  time  which  the 
nervous  influence  occupied  in  traversing  a  given  distance  of  nerve 
might  be  determined  with  exactitude,  and  noticed  the  more  recent 
experiments  of  Schelzke,  and  De  Jaeger,  as  to  the  rapidity  with 
which  volition  and  sensation  were  produced.  Lastly,  he  alluded 
to  the  action  of  recently  invented  Sphygmographs,  Gaidiographa, 
and  the  Eymographion,  dwelling  more  particularly  on  the  Spbyg- 
moaphone.  This  instrument  enabled  the  time  and  rapidity  of  the 
pnlae  and  movements  of  the  heart  to  be  accurately  determined  by 
the  ear,  in  coneequenoe  of  an  arrangement  which  caused  each 
pulsation  to  break  a  continued  electrical  circuit,  that  in  its  turn 
communicated  a  movement  to  levera  which  struck  hells.    The  two 
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,  halves  of  this  Sphygmoephone  might  be  removed  to  any  distaDoe,  eo 
that  if  connected  with  a  telegraphic  wire,  the  rhythm  of  the  pulse 
of  an  individual  in  London  might  be  made  audible  in  Edinburgh. 

Monday,  21s(  Janvary  1867. 

Db  OHRISTISON,  Vice-Preeident,  in  the  Chair. 

The  following  CommaDicatione  were  read : — 

1.  On  the  Colours  of  the  Soap-Buhhle.     By  Sir  David 
Brewster,  K.H.,  F.E.S. 

The  colours  of  the  eoap-bubble  have  been  the  subject  of  frequent 
observation  eince  the  time  of  Boyle,  Hook,  and  Newton,  and  they 
have  been  invariably  ascribed  "  not  to  any  colour  in  the  medium 
itself  in  which  they  are  formed,  or  on  whose  surfaces  they  appear, 
but  solely  to  ite  greater  oi  less  thioknoBS."  The  author  of  this 
paper  had  been  led  to  doabt  the  correctneea  of  this  opinion,  and 
while  repeating  the  beautiful  experiments  of  Professor  Plateau 
"  On  the  equilibrium  of  liquid  films,"  he  was  led  to  discover  the 
true  cause  of  these  colours,  whether  they  are  observed  on  the  soap- 
bubble  or  on  plane,  convex,  and  concave  films  stretched  across  the 
mouths  of  closed  or  open  vessels. 

The  paper,  which  is  illustrated  with  nnmeioue  coloured  draw- 
ings, is  divided  into  five  parts. 

1.  On  the  phenomena  of  colour  in  a  vertical  plane  film. 

2.  On  the  production  of  revolving  systems  of  coloured  rings  on 
the  Boap  film. 

3.  Ou  the  form  and  movements  of  the  bands  and  rings  (xd  convex 
and  concave  films. 

4.  On  the  phenomena  produced  by  different  solutions. 

5.  On  the  origin  and  development  of  the  colours  on  the  soap- 
bubble. 

In  these  sections  the  author  has  shown  that  the  colouring  matter 
of  the  Boap-bubble  is  secreted  from  the  soap  solution  when  reduced 
to  the  state  of  a  film ; — that  it  rises  to  the  highest  point  of  the  film 
in  colourless  portions,  in  tbe  form  of  a  tadpole,  which  pass  into 
molecnles  of  every  possible  order  of  colour,  and  tben  take  tbeii 
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proper  place  in  the  coloured '  bands  ;—th&t  these  bands  move  over 
the  surface  of  the  film  under  the  influence  of  gravity,  and  ma;  be 
blown  into  fragments  or  into  molecules  of  all  coloois,  or  even 
reoombined  vith  the  film;  that  they  may  be  blown  into  two 
syatema  of  coloured  ringe,  the  one  levoMng  from  right  to  left, 
and  the  other  from  left  to  right;  and  that  nnder  the  infiueuce 
of  the  centrifogal  force,  these  molecules  ore  carried  into  their 
place  in  Newton's  scale— those  of  the  first  orders  going  to  the 
centre  of  the  rings,  and  followed  by  those  of  higher  orders  that 
happen  to  be  in  the  film  when  it  is  blown  upon  through  a  tube  in 
the  direction  of  a  diameter, 

"  It  is  impossible,"  the  author  adds,  "  to  convey  in  laogu^e  an 
adequate  idea  of  the  molecnlor  moTemente,  and  the  brilliant  chro- 
matic phenomena  exhibited  on  the  soap  films,  and  it  is  equally 
impossible  for  art  to  delineate  them.  The  visible  secretion  of  a 
colonilesB  fluid  from  a  film  lees  than  the  twelve  tbonaandtfa  of  an 
inch  in  thickness,— its  separation  into  portions  uf  every  possible 
colour, — the  quick  passage  of  these  portions  into  bands  of  the  differ- 
ent orders  in  Newton's  scale, — their  ever  varying  forms  and  hues 
when  the  bands  either  break  up  spoDtaneOTisly,  or  are  forcibly 
broken  up, — their  conversion  into  revolving  systema  of  oolonred 
rings  nnder  the  influence  of  a  centrifugal  force, — their  vorions 
motions  when  the  film  is  at  rest,  and  protected  from  aerial  cur- 
rents,— their  recombination  into  a  colourleBs' fluid  when  driven  to 
the  centre  or  margin  of  concave  and  convex  films,  and  their  re- 
absorption  by  the  film  by  means  of  mechanical  diffusion,  are  facte 
constitnting  a  system  of  visible  molecular  actions,  of  which  we 
have  no  example,  and  nothing  even  approaching  to  it  in  Physics." 

2.  On  the  Musadus  Stemalia.  By  William  Turoer,  M.B., 
Demoustrator  of  Anatomj. 

Id  this  paper  the  author  described  the  results  of  hit  observations 
on  the  presence  of  the  musoulus  stemalis  in  upwards  of  six  hun- 
dred bodies  dissected  in  the  anatomical  rooms  of  the  University  of 
Edinburgh.  He  had  found  it  in  nineteen  individuals,  i.e.,  in  about 
3  per  cent,  of  the  bodies  examined.  It  occnned  nearly  equally  in 
the  two  sexes.  It  bore  no  relation  to  the  general  muscularity  of 
the  individual.    In  eleven  subjects  the  muscle  was  single,  in  eight 
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double,  making  together  tweDty-seTSD  Bpeoimeni  of  the  muBole. 
The  Tarifttioni  which  it  gzfaifaited  in  itB  attachments,  Biee,  and 
shape,  WN«  then  described.  In  no  cue  were  its  fibies  continuouB 
with  those  of  the  reetm  abdomiiiiii,  ot  were  tendinons  interBeotione 
found  in  it,  but  it  mostly  aroie  either  from  the  flattened  tendon  of 
the  external  obliqne  muscle  of  the  abdomen,  oi  from  ths  cortilageB 
of  the  lowertme  ribs,  and  in  many  inatanceB  St  was  continuous  at 
its  upper  end  with  the  sternal  tendon  of  one  or  both  Btemo-nustoidB, 
whilst  in  others  tt  was  inserted  into  the  aponenroBiB  ooveting  the 
pectoralia  major.  It  was  always  superficial  to  tba  great  pectoral 
muscle.  Of  the  single  specimens,  four  ooonned  an  the  right  aide, 
two  on  the  left ;  whilst  in  the  remaining  five  it  arose  on  one  side  of 
the  middle  line,  and  was  inserted  either  altogether  or  in  part  Ob 
the  opposite  side.  It  fonned  an  excellent  illuBtration  of  the  trnA 
of  the  general  statement,  that  occasional  and  rudimentary  stru9- 
turea  are  especially  liable  to  Tariatious  in  arnuigement. 

A  sketch  of  the  history  of  the  muscle,  from  the  first  obsei^ 
vation  by  Cabioltns  in  1604,  was  then  given,  and  the  varioua 
opinions  as  to  its  morphology  were  disausBed.  In  opposition  to  the 
view  nsually  entertained  by  anatomists,  the  author  contended  that 
it  was  not  an  upward  extension  of  the  reotos  abdomiois,  suoh  as  is 
■o  frequently  Been  in  the  mammalia,  so  that  the  name  reotns  ster- 
nalis,  or  steraalis  brutomm,  nsnally  applied  to  it,  is  not  appropriate. 
For  it  was  not  continuous  with  the  rectns,  and  was  placed  super- 
ficial  to  the  pectoralia,  whilst  the  anterior  end  of  the  mammalian 
rectos  is  always  continuous  with  its  abdominal  part,  and,  moreover, 
□oncealed  by  the  pectoral  muscle;  and  further,  another  mnsde 
has  ocoasionally  been  seen  in  man  which,  differing  in  its  position 
from  the  stemolis,  lying  under  cover  of  the  great  pectoral  mnecle 
next  the  libs,  is  undoubtedly  to  be  regarded  Kb  homologous  with 
the  anterior  end  of  the  mammalian  rectus. 

The  stemalis  mnsole,  from  many  of  its  relations,  seems  to  be  most 
closely  allied  to  the  panniculm  camotut,  or  great  skin  muscle  of 
the  quadruped,  and  may  perhaps  be  regarded  as  an  additional  rudi- 
ment of  that  muscle,  occasionally  present  in  man,  though  it  must 
be  admitted  that  the  human  platysma  (which  is  generally  acknow- 
ledged to  represent  the  pannicnluB)lieson  a  plane  superficial  to  the 
fibres  of  the  stemalie  in  those  individuals  in  whom  they  eoexist. 
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3.  On  Compensation  Pendulums  of  two  Piecea. 
Edward  Sang,  Esq. 


By 


Three  or  four  years  ago,  wishiog  to  make  some  experimeata  on 
time-keeperB,  and  deairing  for  that  purpcee  to  have  a  oompenaa- 
tion  peDdnlum  fitted  to  my  olock,  I  tnrDed  my  attention  to  pen- 
dulnms  composed  of  two  piecea,  having  different  ratea  of  expan- 
sion. 

Such  compenaation  pendolnma  are  now  pretty  oommoo;  the 
idea  «bioli  has  led  to  their  coDBtmctien  being  this, — that  if  the 
pendnlnm  rod  be  made  of  material  having  a  very  amall  rate  of 
expanaion,  and  if  the  bob  or  weight  be  of  a  substance  much  more 
expansive,  then  the  upward  expansion  of  the  one  may  be  made  to 
compensate  for  the  do'wnward  ezpansion  of  the  other,  and  so  the 
going  of  the  clock  may  remain  unaffected  by  cbaDgea  of  tempera- 
ture. 

On  deaigning  the  arrangement,  and  on  proceeding  to  make  the 
oalcnlatioQ,  accoidiog  to  the  received  expansions  of  deal  and  lead, 
I  waa  much  eurpriaed  to  find  the  solution  of  the  teanlting  equation 
to  be  impoBsible ;  and  the  Burprise  vas  the  greater,  because  I  had 
nnderatood  that  of  clocke  constructed  with  auch  pendnluma,  the 
compensation  bad  been  verified  by  actual  obaervationa.  There 
is  not  BufBcient  disparity  between  the  expanaibilities  of  deal  and 

""^  rigl. 

A  very  alight  glance  at  the  subject  is  sufficient  to  show, 
that  if  it  be  impoasible  to  conatruct  such  a  pendnhim  wiUf 
a  deal  rod  of  great  tenuity,  and  with  aa  enclosing  cylinder 
of  lead  also  of  inappreciable  diameter,  it  must  be  im- 
poeaible  to  make  one  with  the  parts  having  appreciable 
diameters;  aince  the  lateral  expanaion  of  the  parts  tendB 
to  augment  the  length  of  the  oorieaponding  simple 
pendulum. 

Let  us  then  suppose  an  exceedingly  thin  lod  AB,  of  some 
slightly  expansive  substance,  anapended  by  the  end  A,  and 
having  on  the  lower  end  B  a  small  projection  or  seat,  on 
which  the  end  of  a  cylinder  BO  of  heavy  and  expansive  metal 
reeta.    Then  neglecting  the  welghtof  ,the  inner  rod,  imd  the  radius 
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of  theoyliDd«i,  andputtiDg  AB>i(,  AC=c,  aod  I  for  the  leogth  of 
the  oorre§poDdiDg  nmple  pendnlnm,  we  have 
3,     6»+6c+c' 


...   a) 

Let  now  /3  be  the  rate  of  expaDeion  of  the  tmpporttDg  rod  AB,  y 
that  of  the  cylinder  BO,  we  have  for  a  chtCage  of  temperature  t, 

f-fia+^X    c'=c(H.yO. 
and  therefore,  in  order  that  there  be  no  change  in  the  ralne  of  h, 
we  most  have 

6'+6c+c*     3,     y*  +  fe' + c*     (3i* + ahc)8 + (Ze*  -  fa  -  6')y 
b+e      "2  6'+c'      "■  26p-fry+cy 

whence  the  equation 

l8.6'+(4/5-2y)6*c+(|3+y)Bc»+7C=0,  .     .     .     (2.) 

hy  help  of  which  the  ratio  of  6  to  e  may  be  fcnud.  Now,  tinleea 
■f  ezoeed  the  double  of  A  all  the  terms  of  this  equation  have  the 
aame  sign,  and  therefore  there  can  be  no  positive  root ;  so  that,  on 
this  account,  there  can  be  no  such  pendnlnm  as  we  are  thinking 
of,  unless  the  one  rate  of  expansion  be  more  than  doable  of  the 
other.  In  order  to  discover  the  least  pOBsibla  disparity  of  expan- 
sion, let  us  put  b=ex,  yE=n/3,  and  onr  equation  becomes 

<r'  +  C4-2nK+(l+«)«  +  '»=0 (S.) 

Wben  our  solntion  just  begins  to  be  possible,  this  equation  most 
have  two  equal  roots,  and  therefore  mnst  have  a  divisor  common  to 
it  and  its  derivatiTe 

&f+(8-4n>e'+Cl+n)-0 (4.) 

On  elimiuating  te  from  the  equations  (3)  and  (4),  we  obtain  an 
equation  of  the  fifth  degree ;  of  which  n=2  is  one  solution,  and  on 
dividing  there  results  the  biquadiatio 

ia»»-80n'  +  123«»-60»+4-0, (6.) 

which  has  two  possible  roots,  viz., 

n=0. 07873  06113  76, 
and  »-4.  71418  14416  13. 

The  first  of  theae  can  have  no  application  to  our  preeent  probletn 
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and  the  seoond,  almost  exactl;  If,  exceeds  the  ratio  of  the  ex- 
pansioDB  of  any  two  available  solid  substances.  Tbus  we  conclude 
that  pendnlnma  constructed  of  two  pieces  after  the  manner  shown 
in  fignre  1,  cannot  he  compensated. 

The  equation  of  condition  (3)  being  of  an  odd  degree,  must 
have  always  one  root  possible.  It  is  trne  that  this  is  merely  a 
nnmetical  possibility,  which  may  or  may  not  be  represented  by  a 
mechanical  arrangement;  yet  it  may  be  worth  while  to  examine 
into  it.  Now,  when  n  ia  positive,  the  equation  (3),  must  have  one 
of  its  roots  negative,  and  thna  the  point  B,  oonesponding  to  that 
root,  mnst  be  the  above  point  of  suspension. 

Let  QB  aappose,  then,  a  tnbe  abba  oi  glass  or  some  Fig.  3. 
substance  having  a  very  slight  expansion,  to  pro- 
ceed upwards  from  the  axis  of  motion  S8,  and  from 
the  upper  end  of  the  tnbe  let  a  heavy  lod,  BC,  of 
more  expansive  material  depend,  and  the  arrange- 
ment will  represent,  mechanically,  the  negative  value 
of  IE  obtained  from  the  solution  of  the  equation  (S). 

On  assuming  for  n  a  number  of  sncoessive  values, 
and  thence  computing  the  corresponding  roots  of 
the  equation  (3),  as  also  the  values  of  a,  (,  and  c, 
necessary  to  give  a  pendulnm  vibrating  isochro- 
nously  with  a  simple  pendnlum  whose  length  is 
unit,  and  on  representing  the  results  geometrically, 
we  obtain  the  diagram  given  in  figure  S. 

In  this  figure,  the  distances  measured  along  the 
horizontal  line  OS  indicate  the  ratio  of  the  expan- 
sihilities  of  the  two  substances,  01  standing  for 
that  of  the  suspender;  01  or  SL  is  the  length  of  the  corresponding 
simple  pendulum ;  and  the  curved  lines  marked  B,  Bj  B, ;  0,  Oj  G, 
define  the  values  of  b  and  c,  corresponding  to  the  three  roots  of  the 
equation. 

For  example,  if  the  ratios  of  the  rates  of  expansion  were  9 . 2,  left 
US  take  the  point  t  at  that  diatance  along  OS,  and  draw  through* 
it  a  vertical  line,  crossing  the  six  curreB  at  the  points  fi,  c,  e„  c,  6, 
(,;  then  ab^e^  shows  the  proportionB  for  a  pendulum  congtructed  in 
the  manner  shown  in  figure  2.  $  bj  e^  shows  that  which  ia  intended 
in  the  actual  execution  of  clocks,  while  ib,  e,  is  another  possible 
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Kmngement  of  the  eame  kiDd,  ami  it  ie  worthj  of  notioe,  that  the 
Fig.  8. 


B 
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first  of  these  threa  is  always  possible,  although  it  be  Dot  desirable 
in  proctioe. 

The  following  Gentlemen  were  admitted  Fellows  of  the 

Society : — 

Andrew  Obahau,  H.D.,  B.N. 

WlLLUM  TtrBKBDLL,  Eeq. 
A.  H.  Bbtcx.  LI..D. 
pKUfCIB  Dbu,  LL.B. 
Abthdk  Qahqbb,  M.D. 
Sheriff  Halubu. 
The  foltowiDg  Donations  bo  the  Society  were  announced: — 
Proceedings  of  the  Boyal  Society  of  London.    Vol.  XV.  No.  88. 

8vo. — From  the  Boeiety. 
Jooraal  of  the  Royal  Dublin   Sooiety.    No.  36.     9vo.—Fnm  the 

SocUty. 
Journ^  of  the  Royal  Hortioaltnral  Society  of  London.    Vol.   I. 

Part  4.     8to.— :FVom  rte  Society. 
Proceedings  of  the  same.    VoL  I.  (New  Series).     No.  6.    8to. — 

From  ^Society. 
Transactions  of  the  Botanical  Society  of  Edinbmgh.    Vol.  VIII. 
I^rt  3.    ^la.—From  the  Sodtiy. 
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Journal  of  the  Gbemiol  Society.    No.  49.    LondoD,  1867.    8td.— 

Monthly  Beturo  of  the  Births,  Deaths,  and  Maniages  regiateiad 
in  the  Eight  principal  Towns  of  Scotland.  Decemher  1866. 
8to. — From  the  £e^trar- General, 

An  Essay  to  show  that  Fetroleum  may  be  uled  vith  advantage 
in  Manufaotuiing  Operatioot,  for  the  purpose  of  heating 
Steam  Boilers  and  generating  Steam,  By  D.  Bodde,  Notary 
Public  at  Batavia.    870.— JVom  fA«  Author, 

Bulletin  de  TAcadeniie  Boyale  des  Scleucee,  des  Lettres,  et  dee 
Beauz-Arta  de  Belgique.  No.  12.  BmxelleB,  1866.  8vo.— 
From  the  Academy, 

Konataberichte  der  Eonigliohen  FieuBsiaohen  Akademie  der  Wis- 
BeQBcbaften  zn  Berlin,  Sept.— Oct.,  1866.  Svo.—From  the 
Academy.  ^ 

Die  Menschlichen  Farasiten  und  die  von  Ihn«D  Seiriibiendsn 
Erankheiten.  Ein  Hand  and  Lehrbnoh  fiir  Nstoiforacher  und 
Aerzte.  Yonfiudolf  Lenckart.  ZweiterBand.  I.  Liefenmg. 
Leipzig,  1867.    Svo.—From  iht  Editor. 

Comparisons  of  the  Standards  of  Length  of  England,  Franoe,  Bel- 
gium, Prussia,  Bussia,  India,  and  Australia,  made  at  the  Ord- 
nance Survey  Office,  Southamptou.  London,  1866.  4to. — 
From  the  Survey. 

SuT  la  Vrille  des  Cucuibitac^s.  Par  U.  Ad.  Ghatin. — From  the 
Author. 

Monday,  Hh  Febrvary  18C7. 

Sir  DAVID  BItEWSTEfi,  Preaident,  in  the  Chair. 

The  following  Communicationa  were  read  :~- 

1.  On  the  Tertiary  Volcanic  Books  of  tlie  British  Islands. 
By  Archibald  G«ikie,  Esq.,  F.RS. 

This  paper  was  in  continuation  of  the  series  of  memoirs  on  the 
volcanic  rocks  of  Scotland  previously  read  by  the  author  before  the 
Society,*  and  contained  the  first  portion  of  the  results  of  a  survey 

*  See  Pioceedingf,  iv.  809,  468,  582,  and  T»iuactioDB,  toI.  sxil.  6SS. 
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of  the  veatem  regioo,  extending  from  the  south  of  Antrim  to  the 
north  of  Syke.  The  distriota  more  especially  dwelt  upon  were  the 
islands  of  Hull,  Kigg,  and  Staffa.  After  alluding  to  the  writings 
of  previoos  geologiste  upon  these  trKcte,  more  particularly  to  the 
discovery  by  the  Duke  of  Argyll  of  tertiary  leaves  under  basalt  at 
Ardtan  Head,  in  Mull,  the  author  remarked  that  up  to  this  time 
the  great  mass  of  voloanio  loaks  in  the  Western  Islands  has  been 
usually  regarded  as  of  Oolitic  age— an  opinion  in  which  be  himeelf 
had  shared.  His  object  in  the  present  commanication  was  to  ehow 
that  aa  regards  Hull  and  the  adjoining  islets  this  opinion  was 
erroneons,  that  the  enormous  volcanic  acoumnlationit  of  these 
islands  belonged  in  reality  to  the  Uiocene  period,  and  that,  in  all 
likelihood,  the  long  chain  of  boaaltic  masses,  extooding  from  the 
north  of  Ireland  along  the  west  coast  of  Scotland  to  the  Faroe 
Islands,  and  beyond  these  to  Iceland,  was  alt  erupted  during  the 
same  wide  interval  in  the  Tertiary  periods. 

The  nature  of  the  volcanic  products  was  first  sketched.  It  was 
shown  that  the  two  great  classes  of  recent  lavas — the  basaltic  and 
the  trachytic — were  well  reprraented  among  the  Western  Islands, 
and  that  the  basaltic  series  was  on  the  whole  the  older,  since  it 
was  found  to  pass  under  massive  sheets  of  pale  grey  and  bine  clay- 
etones,  clinkstones,  and  porphyries  belonging  to  the  tracbytio 
group:  Ih  addition  to  these  lava-form  rocks,  masses  of  coarse  vol- 
canic agglomerate  occurred,  along  with  beds  of  tuff  and  peperino. 

The  manner  in  which  these  various  volcanic  rocks  occur  in  Mnll 
and  Eigg  was  next  described.  It  was  shown  that  the  leaf-beds  of 
Ardtun,  which  are  known  by  their  fossil  contouts  to  be  of  Miocene 
age,  lie  near  the  bottom  of  the  whole  volcanic  series,  and  that 
above  them  comes  a  series  of  trap-beds  between  3000  and  4000  feet 
in  thickness.  Throughout  this  enormons  mass  of  bedded  igneous 
rock  layers  of  ash,  often  abounding  in  chalk-fiints,  are  intorstrati- 
fied,  and  in  one  part  of  the  cliffs  of  Inimore  of  Gareaig  a  bed  of 
flints  twenty-five  feet  thick  lies  between  the  dolerites.  Thin  lenti- 
calar  seams  or  nests  of  coal  likewise  occnr,  hut  these  only  occnpy 
small  pond-like  hollows  of  the  original  surface  of  the  trap  beds, 
and  are  overlaid  directly  with  trap.  They  are  sometimes  excellent 
in  quality,  and  occasionally  three  feet  in  thickness;  but  they 
n^idly  die  out  in  every  direction.    There  is  thus  uo  probability 
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that  the  tertiary  coal  of  the  Weatem  Islaada  will  ever  come  to  be 
of  commeicial  importaoce. 

Proofs  of  the  long  continnance  of  Tolcanio- aotion  among  them 
islands  are  afforded  by  the  great  thickness  of  the  EracceMive  abeeti 
of  igneous  matter,  which  in  one  monntain  alone — Ben  More—reach 
a  depth  of  3185  feet  without  revealing  either  the  actnal  bottom  or 
top  of  the  series.  Another  and  striking  piece  of  evidence  on  this 
subject  is  given  by  the  well-known  Sonir  of  Eigg.  That  island 
consists  of  nearly  horizontal  sheets  of  dolerite,  like  those  of  Mall, 
resting  unconforroably  upon  oolitio  rocks.  After  their  emption, 
they  must  have  been  long  exposed  to  the  wasting  agencies  of  the 
atmosphere.  A  valley  was  cut  out  of  them,  and  its  bottom  was 
watered  by  a  livei,  which  brought  down  coarse  shingle  and  sand 
from  the  distant  Cambrian  mountains  of  the  north-weBt.  These 
changes  must  have  demanded  a  lengthened  lapse  of  time,  yet 
they  took  place  dnring  an  interval  in  the  volcanic  history  of  the 
island.  The  igneous  forces  which  had  been  long  dormant  broke 
out  anew,  and  poured  several  sncoeesive  eouliw  of  vitreous  lava 
down  the  river-bed.  In  this  way  the  channel  of  the  stream  came 
to  be  sealed  np.  But  the  same  powers  of  waste  which  had  scooped 
out  that  channel  continued  their  operation.  The  hills  which  bad 
bounded  the  valley  crumbled  away,  and  the  lava-cnrrents  that 
filled  the  nver-bed  being  much  harder  than  the  surrounding  rooks, 
were  enabled  in  great  measure  to  resist  the  degradation.  Hence 
the  singular  result  now  appears  that  the  former  hills  have  been 
levelled  down  into  slopes  and  valleys,  while  the  ancient  valley 
occupies  the  highest  ground  in  the  neighbonihood,  and  its  lava- 
ottrrent  stands  up  as  the  well-known  precipitous  ridge  of  the  Scnir 
of  Eigg.  The  gravel  and  drift-wood  of  the  old  river  are  still  to  be 
seen  under  the  rock  of  the  Scutr. 

The  author  then  proceeded  to  point  out  the  possible  connection 
between  these  tertiary  volcanic  rocka  and  the  metamoiphism  of 
different  parte  of  the  West  Highlands,  He  showed  that  in 
Hull,  under  Ben  More,  the  volcanic  rocks  themselves  give  signs  of 
having  been  subjected  to  a  prooees  of  metamorphism,  and  that  they 
are  associated  there  with  masses  of  syenite,  like  those  of  Baasay 
and  Skye.  Macculloch  pointed  ont  that  the  syenite  of  the  two 
latter  islands  was  later  than  the  secondary  rocks  of  that  district ; 
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and  there  now  eeems  to  be  a  stroDg  probability  that  it  will  turn 
out  to  be  of  Miocene  age.  Parts  of  that  syenite  are  tme  granite, 
vhile  the  lias  around  it  baa  suffered  on  extensive  metamorphiBm. 
It  vill  be  an  important  addition  to  our  knowledge  of  the  history  of 
metamorphic  action,  if  the  alteration  of  the  secondary  rocks  of  the 
Hebrides  is  eTentually  shown  to  be  connected  with  the  evolution 
of  Toloanio  rocks  during  the  Miocene  period. 

The  wide  extent  to  which  the  British  Islands  were  affected  by 
the  Miocene  volcanoes  of  the  west  was  then  referred  to.  That  ex- 
tent is  not  to  be  measured  by  the  area  at  present  covered  with 
tertiary  volcauio  rocks,  nor  even  by  the  area  which  these  rocks 
may  have  originally  overspread,  but  from  which  subsequent  denuda- 
tion has  removed  them.  From  the  great  volcanic  ridge  running 
through  Antrim  and  the  Western  Islands,  thousands  of  trap- 
dykes  diverge  in  a  south-easterly  direction.  They  become  fewer 
as  the  distance  from  that  bank  increases,  yet  they  extend  as 
far  as  the  coast  of  Yorkshire.  No  single  dyke,  indeed,  has  been 
traced  across  the  country  from  sea  to  sea,  but  there  can  be  little 
doubt  that  they  all  belong  to  one  series.  They  cut  through 
all  the  formations  up  to  and  including  the  ohalk,  and  tbey  like- 
wise traverse  the  older  portions  of  the  tertiary  volcanic  rocks. 
They  must  thus  be  of  tertiary  age,  and  belong  to  that  series  of 
igneous  masses  described  in  the  present  paper.  They  do  not 
usually  run  along  lines  of  fault ;  on  the  contrary,  they  are  found 
to  cross  faults  of  fifty  fathoms  and  npwards  without  being  deflected. 
Their  evenness  and  parallelism  show  that  they  must  have  ascended 
through  fissures  prepared  for  them  by  subterranean  movements. 
Thus  we  learn  that  in  tertiary  times  the  greater  part  of  Scotland, 
the  north  of  England,  and  the  north  of  Ireland,  were  cracked 
by  earthquakes,  and  that  liquid  lava  rose  through  the  hundreds 
of  parallel  rents,  perhaps  in  some  cases  actually  reaching  the 
surface. 

The  last  section  of  the  paper  was  devoted  to  an  account  of  the 
denudation  of  the  tertiary  volcanic  rocks.  It  wasshown  that  wide, 
deep,  and  long  valleys  have  been  excavated  out  of  the  horizontal 
trap-beds ;  that  theee  rocks  have  sometimes  been  so  wasted  away 
that  only  huge  detached  pyramids  of  tbem  are  left,  as  in  the  case 
of  Ben  More,  Hull;  that  the  volcanic  bank  has  been  worn  down 
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iDto  detached  islaDde  often  milee  apart ;  and  that  from  the  fact  of 
so  many  trap-dyes  reaching  the  aurface,  even  at  a  distance  of  more 
(ban  200  miles  from  the  main  msBB  of  volcanic  rock,  the  general 
superficies  of  the  country  must  have  undergone  a  very  extensive 
amount  of  denudation  since  the  Uiocene  period.  These  changes 
point  to  the  passing  of  an  enoimouB  lapse  of  time,  and  help  to 
teach  us  that,  though  in  a  geological  sense  the  Miocene  ages  be- 
longed to  a  recent  part  of  the  earth's  bietory,  they  are  yet  eeparated 
from  our  own  period  by  an  interval  too  vast  to  be  realised  by  the 
mind. 


2.  Note  on  the  Action  of  Ammonia  on  Dicloracetone.    By 
Dr  A.  Crum  Brown. 

For  some  time  I  have  been  engaged  in  an  attempt  to  replace 
the  chlorine-  in  monochloracetone  and  dichloracetone  by  other 
radices,  and  with  this  object  have  acted  upon  them  by  means  of 
cyanide  of  potassium,  acetate  of  soda,  and  oqneous  and  alcoholic 
ammonia.  In  all  of  these  cases  the  chlorine  was  removed  as 
chloride  of  the  alkaline  metal  or  ammonlnm,  and  brown,  tarry  sub- 
stances were  prodnced,  which  resisted  all  attempts  at  purification. 
By  the  action  of  dry  ammonia  gas,  however,  I  have  obtained  some- 
what better  results. 

When  anhydrous  dichloracetone,  kept  cold  by  means  of  a  freez- 
ing mixture,  is  saturated  with  dry  ammonia,  white  aciculor  orystala 
are  gradually  deposited,  and  these  increase  in  quantity  until  the 
whole  is  converted  into  a  white  solid  mass.  If  the  substaDoes  have 
been  kept  below  0°  C,  nothing  can  be  seen  but  these  ciystala.  I 
have  not  yet  been  able  to  analyse  them,  on  account  of  the  great 
rapidity  with  which  they  decompose  at  higher  temperatures.  If 
the  vessel  in  which  they  have  been  deposited  be  removed  &om  the 
freezing  mixture  and  expoeed  to  the  temperature  of  the  room  (in 
one  case,  not  above  10°  C),  they  quickly  disappear,  and  we  obtain 
a  yellowish  liquid,  and  a  copious  crystallisation  of  chloride  of 
ammonium.  The  liquid  contains  some  unchanged  dichloracetone, 
and  a  viscous  substance  which  has  a  peculiar  odour,  resembling 
Ihat  of  acetamide.     This  substance  appears  to  he  colourlese  when 
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pure ;  it  is  od]j  faintly  yellow  wbeo  it  has  not  been  exposed  to 
heat,  but  a  very  Blight  warmth  coloura  it  brown. 

The  ocicular  cryatala  dissolve  readily  and  completely  in  ether  and 
in  alcohol;  these  eolations  also  rapidly  decompose,  chloride  of 
ammonium  being  deposited,  aud  the  viscoue  substance  above  men- 
tioned remaining  in  eolution. 

It  would  be  premature  to  epecalate  on  the  nature  of  these  sub- 
etanoes  without  qnantitative  analyses;  I  hope  before  losg  to  be 
abl«  to  lay  these  before  the  Society. 

3.  On  the  Figares  of  Eqailibrium  of  Liquid  Filma.    By 
Sir  David  Breweter,  K.H.,  F.KS. 

In  repeating  eome  of  the  experimeiitB  of  Professor  Plateau, 
described  in  seven  interesting  memoirs  published  in  "The  Trans- 
aotions  of  the  Belgian  Aoaduny,"  and  in  prosecuting  his  own  expe- 
rimeuts  on  the  colonrs  of  the  soap-babble,  the  author  of  this  paper 
observed  several  new  phenomena  which  may  have  escaped  the 
notice  of  the  Belgian  philosopher. 

Professor  Plateau  has  described  and  drawn  the  beautiful  systems 
of  soap-films,  obtained  by  lifting  from  a  soap  solution  a  cube  made 
of  wires  about  one  and  a  half  inchdong.  This  system  is  apoly- 
hedron,  composed  of  twelve  similar  films  stretchiug  from  the  wires, 
and  united  to  a  plane  quadrangular  film  in  the  centre.  When  this 
vertical  film  was  blown  upon,  iL  Von  Bees  observed  that  it  was 
reduced  to  a  line,  and  then  reproduced  in  a  horizontal  position, 
from  which  it  could  be  blown  again  into  a  vertical  position. 

If  we  suppose  the  quadrangular  film  removed,  and  all  the  twelve 
films  radiating  from  the  centre  of  the  cube,  Professor  Plateau  found 
that  such  a  system  could  not  be  kept  in  equilibrium,  nnless  there 
was  something  solid  in  the  central  point,  such  ag  the  end  of  a  wire 
or  a  drop  of  fluid. 

In  repeating  these  experiments  the  author  found  that,  after  con- 
verting the  horizontal  into  the  vertical  quadrangular  film,  and  cou- 
tinuing  the  blowing,  he  produced  the  radial  system  of  films,  which 
in  an  instant  letamed  to  the  system  with  a  vertical  film,  and  then 
into  the  system  with  the  horizontal  film. 

U .  Von  Bees  had  found  that,  by  immersing  the  win  cube  with 
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the  noraaal  polyhedron  a  few  millimetres  in  the  eoap  solution,  the 
film  formed  oa  ita  lower  face  imprisoned  the  aii  in  the  quadran- 
gular pyramid  above  it,  and  that  thia  air  rose  to  the  centre  of  the 
cube,  and  leplaced  the  quadrangnlar  plane  with  a  hollow  cube  with 
curved  faces. 

In  this  beautiful  experiment  the  hollow  cube  Is  invariable  in 
size,  being  neceBsarily  equal  in  its  contents  to  one-fourth  part  of 
the  wire  cube.  The  author  of  the  present  paper  discovered  a 
method  of  inserting  a  hollow  cube  of  any  magnitude  in  the  centre 
of  the  polyhedron.  This  was  done  by  blowing  a  bubble  of  the  re- 
qnisite  size,  and  introducing  it  within  the  wire  cube.  He  suc- 
ceeded also  by  this  means  in  inserting  a  second  hollow  cube  beside 
the  first,  the  side  common  to  both  being  plane  when  the  two  cubes 
were  eqnal,  convex  when  the  one  was  less,  and  concave  when  it  was 
greater  than  the  other.  In  snch  a  system,  which  is  in  perfect 
equilibrium,  the  number  of  films  is  ninelem.  He  found  also  that 
two  hollow  solid  figures  could,  by  the  same  means,  be  inserted  in 
the  other  ByBtems  of  films  which  Professor  Plateau  had  discovered 
in  a  wire  tetrahedron,  or  a  quadrangular  pyramid,  or  a  regular  octo- 
hedron,  or  a  rectangular  prism,  or  in  a  system  obtained  from  two 
rectangular  planea  fixed  at  right  angles  to  each  other. 

This  last  and  interesting  system  consists  of  four  curved  films 
extending  from  each  vertical  wire,  and  connected  with  an  elliptical 
film  in  the  common  eection  of  the  rectangles.  The  major  axis  of 
this  film  is  four  times  greater  than  its  minor  axis,  and  it  is  placed 
in  the  ang^e,  which  is  a  little  greater  than  90°,  but  sometimes 
also  in  the  other  angle. 

By  making  this  system  of  wires  movable,  so  that  the  rectan- 
gular planes  can  pass  from  90°  to  180°,  the  author  obtained  some 
singular  results.  As  the  angle  increased  from  90°,  the  minor  axis 
of  the  elliptical  film  increased,  till  when  it  approached  to  180°  it 
was  nearly  circular,  appropriating  gradually  the  fluid  of  the  four 
curved  films  attached  to  the  wires. 

By  again  diminishing  this  angle  the  almost  circular  film  became 
more  and  more  elliptical,  till  it  reached  its  normal  state  at  90*, 
giving  back  to  the  curved  films  the  flnid  which  formed  them.  If 
the  angle  of  the  rectangular  plane  which  contain  the  elliptical 
film  is  diminished,  the  film  will  grow  more  elliptical,  and  at  46° 
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will  become  a  straight  line,  givini;  np  its  fluid  to  the  other  four 
Alms.  At  this  inetant  the  whole  sjatem  cliangea,  the  oval  film 
being  reproduced  in  the  angle  of  135°  I 

Semarkable  as  thia  pheoomeDOD  ia,  there  ib  one  still  more 
remarkable,  which  requires  the  testimony  of  the  eje  to  make  it 
credible.  If  when  the  reotauglea  are  inclined  90*  we  blow  upon 
the  elliptical  film,  a  bubble  of  aucb  a  aize  as  to  replace  the  ayatem 
of  filma  with  a  hollow  curvilineal  cube,  and  wait  till  it  bursts,  the 
ttptem  vf  liquid  films  which  it  expelled  will  reappear,  at  if  it  had  left 
ill  ghott  behind  it  to  recover  the  elemenlt  which  the  bubble  had  appro- 
priated t 

By  uniting  the  npper  and  lower  ends  of  all  the  wiiee  in  this 
eyatem,  and  also  by  uniting  the  wires  at  various  points  in  their 
length,  the  author  obtained  a  nnmber  of  beautiful  and  complex 
syatems  of  films,  which  require  numerous  diagrams  to  make  them 
intelligible. 

After  treating  of  the  equilibrium  of  liquid  films,  as  seen  in  the 
union  of  apherical  bubbles  and  other  hollow  solids,  the  author 
considers  the  formation  of  plane,  convex,  and  concave  films  upon 
the  mouths  of  open  and  closed  vesaela  of  different  shapes,  and  their 
deposition  on  the  same  veesela"  from  bubbles;  and  he  deacribea 
vaiioue  remarkable  movements  of  the  filmB.upwarda  and  down- 
wards, when  they  are  formed  upon  conical  vessels  open  at  both 
enda. 


4.  Od  a  Method  of  ascertaining  tlie  Specific  Gravity  of 
Water  which  holds  a  minate  qnantit;  of  Foreign  Matter 
in  Solution ;  or,  on  the  Specific  G-ravity  of  Impure  Water. 
By  Edward  Sang,  Ebcl- 

The  determination  of  the  degree  of  impurity  of  spring  or  well 
water  is  every  day  becoming  of  more  and  more  importance.  In 
order  to  discover  how  much  foreign  matter  is  contained  in  a  sample 
of  water,  the  chemist  is  under  the  necessity  of  drying  up  a  quan- 
tity of  it,  and  of  weighing  the  residue.  This  operation  ia  tedious, 
and  givea  a  trust-worthy  result  only  when  the  evaporation  has  been 
carried  on  in  closed  vesaela  from  which  atmospheric  impurities  have 
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been  carefully  ezcladed ;  aDd,  therefore,  any  aaeiatuice  which  can 
be  obtained  from  mechanical  meaaurementa  must  be  acceptable  as 
affording  a  teat  for  confirmation  of  the  resnita. 

If  we  attempt  to  find  the  specific  gravity  of  any  potable  water 
by  means  of  the  balance,  we  encounter  very  great  ohatacles ;  the 
extreme  delicacy  of  the  weighing,  and  the  uncertainty  introduced 
by  changea  of  temperature  during  the  procesa,  render  the  direct 
method  almost  valueless ;  since  boLh  the  expansion  of  the  water 
and  that  of  the  glass  vessel  in  which  it  ie  contained  would  need 
to  be  allowed  foi.  But,  by  taking  advantage  of  the  peculiarity  of 
water  in  regard  to  changes  of  temperature,  we  can  obtain  an  ex- 
tremely sensitive  indicator  of  changes  in  ita  composition. 

Lot  us  prepare  a  glass  ball,  adjusted  in  its  specific  gravity  ao 
that  it  will  just  float  in  pure  water  between  the  temperature  of 
melting  ice  and  5  degrees  of  the  centigrade  thermometer  (be- 
tween 32°  and  12°  of  Fahrenheit's),  and  placing  a  delicately 
graduated  thermometer  along  with  it  iu  a  jar  of  cold  water,  let  tlie 
whole  be  allowed  slowly  to  become  warmer.  The  effect  of  an  in- 
crease of  temperature  at  first  ia  to  produce  a  contraction  in  the 
water,  and  at  the  same  time  a  alight  expansion  in  the  glass  of  the 
ball ;  and  the  result  ia  that,  when  the  temperature  becomes  such 
that  the  two  specific  gravitiea  ore  alike,  the  ball  begins  to  float 
upwards.  By  placing  the  ball  of  the  thermometer  at  some  dis- 
tance from  the  bottom  of  the  vessel,  we  can  note  the  temperature 
at  the  instant  when  the  ball  passes  it ;  let  thia  temperature  be  (,. 

As  the  water  continuea  to  grow  warmer  its  density  augroenta, 
but  more  and  more  slowly,  until  it  reach  ita  maximum ;  after  this 
the  water  begins  to  expand,  and  eventually  the  glass  ball,  which 
had  risen  to  the  top,  begiua  to  descend.  If  we  note  the  tempera- 
ture t„  at  which  the  ball  again  paeaea  the  thermometer  bulb,  we 
shall  have,  in  the  difTerence  e,—f,  between  the  two  temperatures, 
an  argument  by  help  of  which  to  compute  the  relative  densitiea  of 
the  water  aud  the  glass. 

Since  the  ezpanaiou  of  water  on  either  side  of  ita  atate  of  maxi- 
mnm  density  is  proportional  to  the  aqnare  of  the  change  of  tem- 
perature from  that  point,  if  we  were  to  n^easure,  on  the  line  of 
abBcisaea,  equal  distances  to  represent  the  degrees  of  temperature, 
and  were  to  lay  off  ordinates  to  represent  the  correaponding  volumes 
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of  a  given  quantity  of  water,  the  line  thna  prodnoed  would  be  a 
parabola.  Having  traced  tbe 
cnrre,  let  ordinates  f,  A  and 
t,  B  be  drawn  corresponding  to 
tbe  observed  tempentures  l„  t^, 
and  let  the  points  A  and  B  at 
wbich  these  cut  the  curve,  be 
joined  by  a  straight  line  A  B. 
This  line  is  not  parallel  to 
tiie  line  of  abscisss,  but  is  in- 
clined BO  as  to  show  the  rate  of 
expausion  of  the  glasa  ball,  and 
a  line  drawn  parallel  to  it  to 
touch  the  curve  will  do  so,  not 
on  the  ordinate  which  shows 
the  maximum  density  of  the 
water,  bnt  on  tbe  ordinate 
mid-way  between  (,  and  f,; 
which  ordinate  D  C  would  in- 
dicate the  temperature  at  which 
the  water  would  seem  to  have 
the  greatest  density  when  in- 
closed in  a  thermometer  tube 
made  of  tbe  same  kind  of  glass. 
The  distance  £  A,  or  F  B  be- 
tween the  tangent  and  the  chord  is,  according  to  the  well-known 
properties  of  the  parabola,  prc^rtional  to  the  square  of  tbe  int«i- 
cepted  absciss  D^  or  to  that  of  its  donble  t,  f,. 

Hence  the  square  of  the  observed  interval  t^  t,  between  the  two 
temperatures  at  which  the  ball  passes  the  thermometer  bulb,  when 
multiplied  by  some  constant  number  to  be  determined  by  means  of 
the  known  formula  for  the  expansion  of  water,  will  give  tbe  dif- 
ference between  the  glass  and  the  water,  when  each  is  of  the  tem- 
perature half-way  between  f^  and  t^. 

If  now  we  mix  in  the  water  some  soluble  salt,  so  as  to  change 
slightly  its  specific  gravity,  without  perceptibly  altering  the  law  of 
its  expansion,  we  shall  thereby  augment  tbe  interval  between  tbe 
temperatures  at  wbich  tbe  ball  passes  tbe  thermometer ;  and  the 
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difference  between  the  aqnares  of  tlie  inteiral  in  the  odo  case  and 
in  the  other  will  be  proportional  to  the  change  in  the  speoifie 
gravity  of  the  water,  which  again,  when  the  amount  of  imparity  is 
minute,  may  bo  held  aa  being  proportional  to  the  amount  of  that 
impurity. 

The  determination,  by  this  method,  of  the  quantity  of  heavy 
impurity  in  potable  water  may  be  freed  from  all  dependence  on  a 
knowledge  of  theco-efficienta  of  the  expansibility  of  water,  by  com-  ' 
paring  the  obBervatians  made  on  distilled  water  with  those  made 
on  water  contaiuing  a  known  quantity  of  lime  or  other  saline 
matter.  And  this,  indeed,  is  the  only  uBeful  method  of  procedure ; 
for  in  the  apparatus  exhibited  there  are  many  glass  balls,  and,  to 
diatingoisb  these  from  each  other,  they  are  made  of  glass  of  varioua 
colours ;  and  it  is  found  that  the  means  of  the  temperatures  at  which 
these  pass  the  thermometer  are  different  for  the  different  colours. 
.  These  means  are  also  influenced  by  the  conformation  of  the  balls ; 
thus  those  which  are  thin,  and  which,  consequently,  have  heavy 
drops,  are  more  acted  on  by  the  expansion  of  the  internal  air,  than 
those  am  which  have  thick  sidee,  and,  consequently,  small  drops. 

By  using  a  glass  hall  adjusted  to  float  in  pure  water  just  at  its 
maximum  relative  density,  we  obtain  the  greatest  delicacy  in  the 
indications.  I  found  that  such  a  ball,  when  placed  in  the  water 
supplied  to  the  New  Town  of  Edinburgh,  gave  an  interval  of  17'2 
degrees  on  Fahrenheit's  thermometer.  And  the  same  method  may 
be  extended  to  the  case  of  balls  which  float  on  water  of  much 
higher  temperatures,  only  it  then  becomes  necessary  to  use  a  ther- 
mometer of  proportionally  greater  delicacy  in  its  graduations.  And 
it  may  be  remarked  that,  for  the  purjiose  of  securing  certainty  in 
the  indications,  it  is  expedient  to  inclose  the  jar  containing  the 
water  to  be  experimented  on  in  a  large  vessel  also  containing 
water,  and  to  agitate  the  water  contained  in  it  so  as  to  keep  the 
flnid  in  the  internal  vessel  as  nearly  as  possible  at  the  same  tem- 
perature from  top  to  bottom.  By  this  arrangement  we  almost  en- 
tirely avoid  the  formation  of  internal  currents,  which  would  tend  to 
give  uncertainty  to  the  observations. 
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5.  On  the  Oxidation  of  Phenyl  Alcohol,  and  a  Mechanical 
Arrangement  adapted  to  Ulustrate  Structure  in  the  Non- 
aaturated  Hydrocarbons.  By  J.  Dewar,  Esq.  Communi- 
cated by  Professor  Playfair. 

The  ByDthesee  and  oxidation  anaiyfles  of  ot^anic  compounds 
have  BO  confirmed  eaob  other  in  many  oases,  that  chemists  are 
enabled  to  judge  of  the  structure  of  a  compound  from  the  oxidation 
products.  Many  chemists  bave  used  the  oxidation  method  in 
special  cases,  the  bodies  operated  apon  belonging  principally  to 
the  fatty  series;  but  until  Fittig  and  Beilstein  published  their 
memoirs  on  the  aromatic  compcunds,  it  was  never  applied  to  the 
syetematio  stndy  of  a  hydrocarbon  and  its  deriTativeH.  But  al- 
though the  syntheses  and  oxidation  analyBOs  of  the  deriTativee  of 
benzol  confirmed  each  other,  still  the  structure  of  the  origioal 
nucleus  (benzol)  remained  unexplained.  EeknlS's  original  and 
elegant  epeoulations  on  the  struoture  of  benzol  and  its  derivatives 
induced  me  to  try  the  effect  of  oxidising  agents  on  benzol,  with 
the  view  of  eliciting  whether  the  carbon  atoms  vould  separate  in 
the  way  theory  pointed  out.  The  carbon  atoms  in  benzol  may  be 
Buppoaed  to  be  arranged  in  a  closed  chain,  where  the  carbon  affini- 
ties are  bound  two  and  one  alternately.  Kow,  if  we  examine  the 
formula  graphically,  it  ia  evident  there  are  three  symmetrical 
groupings,  CjHj  (acetylene),  in  benzol.  We  would,  therefore,  ex- 
pect the  oarbouB  to  separate  In  twos,  and  produce  the  corresponding 
oxidised  product,  C^,0„  oxalic  acid.  I  attempted  the  oxidation 
of  benzol  with  permanganate  of  potash,  but  no  decomposition  took 
ptaoe  in  a  sealed  tube  at  150°  0.  I  then  had  recourse  to  phenyl 
alcohol.  If  a  solution  of  permanganate  of  potash  is  added  to 
phenyl  alcohol,  dissolved  in  water,  the  decomposition  is  immediate, 
the  solution  becomes  alkaline,  and  peroxide  of  manganese  separates 
as  a  bulky  precipitate.  Equivalent  quantities  of  the  Hubstonces, 
1  pt,  phenyl  alcohol  to  3*5  pts.  of  permanganate  of  potash  were  the 
proportions  used.  If  the  liquid  is  filtered  and  acidulated  with 
acetic  acid,  on  the  addition  of  acetate  of  lime,  a  white  precipitate 
of  oxalate  of  lime  separates.  I  have  analysed  the  lime  salt^  and 
also  examined  the  physical  properties  of  the  acid.    So  that  phenyl 
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nlcohol,  when  treated  vith  one-third  of  the  qnantitj  of  perman- 
ganste  of  potash  Decesaaiy  for  complete  oxidation,  givee  oxalic 
acid.  If  the  oxidising  agent  bad  been  in  ekcess,  we  oould  not  have 
considered  the  action  specific;  but  as  Bertbelot  has  shown  that 
acetylene  can  be  condensed  into  benzol,  and  that  acetylene,  when 
oxidised,  giree  oxalic  acid,  we  most  cousideF  the  production  of 
oxalic  acid  as  depending  on  the  more  intimate  union  of  the  two 
carbon  atoms. 

By  the  regulated  oxidation  of  pbeoyl  alcohol  several  substances 
must  he  produced.  If  we  compare  benzol  and  naphthalin,  .both 
members  of  a  homologous  series  of  hydrocarbons  where  the  common 
difference  is  G,H„  we  would  expect  them  to  undergo  a  similar 
decomposition  on  oxidation.  And  as  naphthalin,  when  oxidised, 
gives  oxalic  and  phthalio  acids,  thus 

C^ .  C,H,  +  0,  =  C^O,  +  C,H,0„ 

BO  we  would  expect  benzol  to  give  oxalic  and  fumario  or  an  isomer, 
thus 

C.H, .  C,H,  +  0.  =  C,H,0,  +  0^,0, . 

But  if  the  resisting  nucleus  in  benzol  be  C,H„  we  would  expeot 
the  formation  of  an  acid,  G^H^Oj  mellitic.  So  far  oa  my  experiment!! 
have  gone,  they  prove  the  formation  of  two  other  acids  along  witli 
oxalic,  when  two  molecules  of  permanganate  of  potash  to  one 
of  phenyl  alcohol  were  used.  When  the  alkaline  liquid,  .after 
filtration  from  the  manganic  oxide,  is  strongly  acidulated  with 
hydrochloric  acid,  shaken  up  with  ether,  and  the  ethereal  extract 
evaporated  on  the  water-bath,  a  yellow  resinous  acid,  giving  a 
purple  colonr,  with  ferric  chloride,  is  left.  If  this  substance  is 
heated,  it  chan,  giving  a  beautiful  sublimate  in  the  form  of  long 
needles.  The  crystalline  acid  has  a  styptic  taste,  and  gives  a 
sbong  reddish  violet  reaction  with  feme  chloride,  but  no  reaction 
with  ferrous  sulphate  or  lime  water.  The  acid,  therefore,  diBers 
from  pyiogallio.  Whether  this  crystalline  acid  is  a  deoompodtioo 
product  of  the  resinous  acid,  or  the  same  substance  separated  from  an 
impurity,  further  experiments  must  decide.  When  the  acid  liquid 
left,  after  separating  the  etiier,  is  evaporated  to  dryness,  treated 
with  alcohol  to  dissolve  the  oxalic  acid,  freed  from  alcohol  by  eva- 
poration, and  the  lime  salt  precipitated  in  presence  of  acetic  acid, 
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the  percentage  of  lime,  in  the  precipitate',  vas  4  per  cent,  below 
the  theoretical  quantity  required  for  oxalate  of  lime.  Analysis 
gave  34*1  per  cent,  of  lime  instead  of  38*3  pei  cent. ;  the  salt 
blockeaing  on  ignition.  There  must  theiefore  be  an  aoid  along 
with  oxalic  whose  lime  salt  is  insoluble  in  acetic  acid^  and,  judging 
from  the  peicent^e  of  lime,  probably  fumorio  or  mellitic.  Farther 
experiments  on  a  larger  scale  must  be  made  before  the  exact  com- 
poeition  of  the  two  acids  can  be  affirmed. 

Tbe  (^plication  of.  permanganate  potash  as  an  oxidising  agent 
in  organic  chemistry  promisea  InterestiDg  results.  Hany  hydio- 
oarbons  are  directly  attacked,  such  as  the  oil  from  caoutchouc, 
some  of  the  BabBtonces  iu  Young's  paiaffiii  oil,  Ac.,  while  others, 
having  the  same  composition,  resist.  It  may  prove  of  great  value 
in  investigatiDg  the  isomeric  hydrocarbons. 

In  connection  with  thie  subject,  I  bring  before  the  Society  a 
simple  mechanical  arrangement  adapted  to  illustrate  structure  in 
the  non-satniated  hydrocarboaB.  This  little  device  is  the  mechani- 
cal representative  of  Dr  0.  Brown's  well-known  graphio  notation. 
A  Beries  of  narrow  thin  bars  of  brass  of  equal  length  are  taken,  and 
every  two  of  the  bars  clomped  in  the  centte  by  a  nut,  so  as  to 
admit  of  free  motion  the  one  on  the  other.  Sach  a  combination 
repreeeata  «  single  carbon  atom  with  its  fonr  places  of  attachment. 
In  Older  to  make  the  combination  look  like  an  atom,  a  thin  round 
disc  of  blackened  brass  can  be  placed  under  the  central  nnt.  At 
the  ends  of  the  arms  are  holes  to  connect  one  carbon  atom  with 
another  by  means  of  a  nut.  The  filling  up  of  the  places  of  attach- 
ment may  be  effected  by  slipping  on  the  arms  round  discs  of  brass 
having  a  groove  attached,  and  placing  the  symbol  of  the  chemioal 
element  on  the  round  ejection.  A  carbon  atom  would  then  look 
like  the  following  diagram  (see  p.  85). 

As  it  is  only  intended  to  express  the  number  of  places  of  attach- 
ment along  with  the  arrangement,  when  a  given  number  of  carbon 
atoms  are  combined  iu  different  ways,  it  is  better  to  dispense  with 
the  symbols,  remembering  that  every  free  arm  represents  a  place 
of  attachment.  When  a  number  of  carbon  atoms  are  joined 
together,  all  the  joints  and  arms  being  moveable,  it  is  easy  to  show 
saturation  in  a  closed  ot  open  chain,  and  the  many  arrangements 
of  the  atoms  corresponding  to  the  same  fonnula.    Although  the 
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baiB  are  of  equal  lecgtb  they  ate  not  intended  to  repteoent  eqnal 
forces.  We  have  no  unit  for  comparing  the  values  of  the  unit 
affinities  in  different  atoma,  and  they  may  be  inoaminensniable.  In 
filling  np  the  places  of  attachment  we  saturate  the  fixing  powers 
of  the  individual  atoms,  taking  no  aoconnt  of  the  influence  the 
different  elementa  and  radicals  haye  in  affecting  the  energy  of 
the  whole  componnd.  Without  entering  into  any  detail  on  the 
stmctnre  of  the  hydrocarbons,  to  show  the  ease  with  which  the 
inBtmment  can  represent  the  same  hydrocarbon  in  different  ways, 
seven  formula  of  benzol  are  appended.  To  show  the  latent  afGni- 
ties,  all  we  have  to  do  is  to  open  the  ban  connecting  any  two  atoms. 
To  show  the  six  latent  affinities  in  benzol,  as  represented  in  a 
closed  ciicnit,  we  have  merely  to  separate  the  bars  a  little,  when  we 
have  six  free  places  on  the  outside,  and  six  in  the  inside.  By 
opening  the  whole  arrangement  we  get  fourteen  free  affinities. 
Napbthalin  and  many  other  hydrocarbonB  give  el^;ant  symmetrical 
diagrams  when  represented  as  a  closed  circuit. 

The  following  Qentlemen  were  elected  Members  of  the 
Society : — 

TsovAa  B.  F4UEB,  H.D. 
Thoius  Anvamdals,  F.R.C.8. 
D.  a.  Haldanb,  MJ).,  F.R.GPX 

The  followiDg  DoDfttioafl  to  the  Library  were  annoonced: — 

Transactions  of  the  Pathological  Society  of  London.    Vol.  XVH. 

London,  1666.    8vo.— Awn  the  Societtf. 
Monthly  Notices  of  the  Boyal  Astronomioal  Society,  London. 

Vol.  XXVII.  No.  2.    8to.— fnwt  Ike  Soeitty, 
Transactions  and  Proceedings  of  the  Boyal  Society  of  Victoria. 

Vol.  VII.    Sto.— JVotb  the  Soctriy. 
Journal  of  the  Boyal  Asiatic  Society  of  3reat  Britain  and  Ireland. 

New  Series.    Vol.  II.  Part  2.    London,  1866.    8vo.— From 

i^  Society. 
Journal  of  the  Asiatic  Society  of  Bengal,    Edited  by  the  Natural 

History  Secretary.    Part  2,  No.  2.    Calcutta,  1866.    8m— 

From  the  Soeietj/, 
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Journal  uf  the  Asiatic  Society  of  Beng^.  Edited  by  the  Philologioal 

Secretary.    Fart  1.  Ko.  2.    Calcutta,  1866.    6m.— From  the 
Society. 
SitzangBberichte  der  KonigL-bayer  Alademie  der  WiBBenschafteD  zu 

Munohen.     Tome  I.  Heft  2,  Tome  II.  Heft  1,     Munohen, 

1866.    Svo.~From  the  Academy. 
Balletin  de  la  Soci£t6  dee  SciencM  Natarellee  de  Neuohatel.    Tome 

VII.     Nenchatel,  1866.     %vo.—From  the  8oeiely. 
Das  Testament  des  Grossen  EurTorsteD,  vod  Job.  Gnst.  Diayseo. 

Leipzig,  1866.    8vo. — From  the  Boyai  Saxon  Academy. 
Tables  of  Heights  in  Kortfa-weet  FroTinces  and  Bengal,  determined 

by  the  Great  Trigonometiical  Survey  of  India,  by   Spirit- 
levelling  Operations,  to  Hay  1865.    Boorkee,  1866.    Svo. — 

From  the  Survey. 
Beriobte  uher  die  Verhandlungen  der  Eoniglicb  Saohsiacben  Geaell- 

Bobaft  der  Wisseneobaften  zn  Leipzig.    Heft  1,  2,  3.    1866. 

Svo. — From  the  Society. 
3ul  Monto  Ondosa  del  Hare  e  an  le  Correnti  di  eeeo  Speoialmente 

su  Qnelle  Littorali,  pel  Comm,  Alessandro  Gifddi.    Borne,  1866. 

Svo. — From  'the  Author. 
Les  Ports-Canaox.  Article  Extrait  de  I'Ouvrage  enr  la  Uonvement 

des  Ondes  snr  les  Courants  Littoraux  par  le  Comm.  Alexandre 

Cialdi.    Borne,  1866.    Svo.— From  the  Aiithor. 
Balletin  de  la  Society  de  GSc^rapbie,  December  1866.  Paris,  1866. 

Svo. — From  the  Society. 
Flora  Batava,  Afbeelding   en    bescbrijving  van   Nedeiluideche 

Gewassen.    Door  Wijlen  Jan  Eops,  vervolgd  door  Jhi.  ¥. 

A.  Hartsen.      No.   196-199.      Amaterdam.     ito.—From  the 

AutJiort. 
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Monday,  18tk  February  1807. 
8iB  DAVID  BREWSTEB,  President,  in  the  Chair. 
The  following  GommaDicationa  were  read : — 

1,  On  an  Application  of  Mathematica  to  Chemiatry. 
By  Dr  A.  Cram  Brown. 
In  this  paper  chemical  subetaDces  are  represented  as  "  operands," 
and  chemical  procesaeB  aa  " operator!  "  —  thus,  ^-x  ie  the  sub- 
stance produced  by  acting  aa  the  substance  x  by  the  process  ^. 
When  ^,  x>  ^i  ^e,,  act  independently  on  x,  this  is  indicated  by  the 

*  I 
notation   ^  {•%,    When  they  act  one  on  another  to  produce  a 

Ac.  I 

complex  operator  which  acta  on  x,  the  notation  ^  •  x  ■  ^  ■ '  is  nsed. 

It  is  shown  that  \q  the  latter  case  the  commutative  lav  does  not 

apply  to  operators. 

Tbe  meaning  of  the  negative  index  applied  to  an  operator  is 
defined  thus:  ^■(0~'-3:)s  »;  and  it  is  shown  that  ^''•a:  may 
have  more  than  one  value,  ^l-nia  written  ^'X,  and  generally 
?,,  •«  =  ^"+">a:  where  m  and  n  are  both  positive  or  both  nega- 
tive (j'M'"!  not  being  necessarily  —  ic).  ip-^-x  is  written 
^'  ■  X,  and  generally  ^"  ■  ^  ■  se  =  ^"  + '  •  «. 

The  general  series  x,4>-x,  ^'-a;,  ^-x ^-s  is  ahown  to 

TOU  VI.  H 
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iDclnde  the  case  or  homologone  esriee,  and  the  easeutial  difference 

between  this  series  and  «,  ^  •  se,  **•  ■ «,  ^*  •  a ^■'  •  a;  is  pointed 

out. 

2.  Motice  of  an  Easy  Method  of  Preparing  NitroprnsBides. 
Bj  Dr  Lyon  Playfair,  F.E.S. 

Snce  I  desciibed  the  method  of  making  nitropnusidee  by  the 
action  of  nitric  acid  on  yeUow  pruEwide  of  potassium,  Hadon 
(Chem.  Soc.  Journal,  186B)  has  given  a  more  productive  prooeBs, 
by  treating  potassic  ferridcjanide  with  an  equivalent  quantity  of 
mercuric  chloride,  of  sodic  nitrite,  and  of  acetio  aoid.  Hadow 
contends  that  N,0,  substitutes  Cy,  in  this  reaction,  instead  of  KO 
as  supposed  by  me.  I  am  still  of  opinion  that  the  formula  of 
nitropnissidee  is  FeCy,  NOM^  For  if  an  equiTslent  quantity  of 
an  acid  lie  added  to  a  solution  of  potassic  ferridcyanide,  and  a 
stream  of  NO  be  passed  through  this  solution,  at  a  temperature  of 
between  70°  C  and  80°  C,  nitroprusside  is  slowly  but  abundantly 
formed,  with  the  evolution  of  hydrocyanic  acid. 

reCy,K^  +  NO  =  FeCy.NOK,  +  HCy. 

In  these  experiments  every  care  was  taken  to  remove  all  traces 
of  a  higher  oxides  of  nitrogen.  But  this  process  is  not  productive, 
and  is  only  interesting  as  showing  that  NO  can  substitute  Cy. 

After  various  experiments,  I  found  the  following  simple  process 
to  yield  excellent  results : — Equal  weights  of  potassic  ferridcyanide 
and  of  crystallised  tartaric  acid  are  dissolved  separately  in  the 
smallest  quantity  of  cold  water.  One-half  of  the  solution  of  tartaric 
acid  is  then  mixed  with  the  solution  of  ferridcyanide  and  briskly 
stirred,  the  clear  liquid  being  decanted  from  the  precipitated  cream 
of  tartar.  A  standard  solution  of  sodio  nitrite*  having  been  de- 
termined beforehand,  a  quantity,  corresponding  to  one  equivalent 
for  each  equivalent  of  the  potassic  ferridcyanide  used,  is  now  divided 
into  two  parts.  Ooe-half  of  this  solution  ia  added  to  the  cold  mix- 
ture as  above  described,  and  immediately  after  the  remaining  half 

*  I  prefei  for  thii  purpose  todio  nitrite,  made  \>j  foaing  lead  irith  ■odto 
nitrate,  liziviatiag  with  water,  and  then  adding  H,80f  cantionti;,  UU  the 
lead  is  pradpiUted. 
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of  the  Bolntion  of  turtario  acid,  and  a  Bolation  of  one  equivident  of 
chloride  of  sodium.  These  cause  a  further  precipitation  of  potaseio 
bitartrate.  A  slight  eflbiveacelice- now  Cmniefl';  and  from  the  in* 
soluble  precipitate  giving  points  ef  esc^rn  for  the  nitrons  acid,  a 
good  deal  would  be  lost.  The  clear  solution  is,  therefore,  rapidly 
decanted  from  the  precipitate,  and  the  Utter  is  thrown  on  a  filter 
to  drain.  The  miztore  is  now  heated  up  as  q^uickly  as  poasihle 
to  the  boiling  point,  and  is  biiakly  boiled.*  Porti^ona  of  it,  taken 
out  at  intervals  upon  bibulon^  paper,  must  be  tested  for  nitrite 
with  a  solution  of  starch  and  potassium  iodide.  When  the  aitrite 
appears  to  be  vanishing,  the  remaining  half  of  the  nitrite  solution 
mast  be  added  b;  degrees,  so  aa  always  to  keep  nitrite  in  solution ; 
and  it  must  remain  distinctly  acid  with  the  original  tartaric  acid 
added.  In  about  an  hour  the  solution,  which  had  become  at  first 
coffee-coloured,  has  acquired  a  fine  clear  red ;  but  it  must  be  boiled 
for  some  time  longer.  The  reasons  for  the  precautions  in  the 
manner  of  adding  the  nitrite,  and  preventing  any  large  exccsB 
either  of  it  or  of  acid,  are  the  following :— Bed  pruseide  of  potas- 
ginm  heated  with  sodio  nitrite,  becomes  yellow  prusside  of  sodium 
and  potassium,  which  would  remain  unconverted.  Again,  if  the 
tartaric  acid  has  decompoead  all  the  nitrite,  and  remains  in  the 
bailing  solution,  it  decomposes  the  ferrid cyanide,  and  forms  Prus- 
sian blue.  But  if  the  above  process  be  followed  out,  after  one  or 
two  hours'  boiling,  the  whole  of  the  ferridcyanide  is  converted  into 
nitroprusside.  The  progress  is  readily  ascertained  by  placing  from 
time  to  time  a  drop  of  the  solution  on  bibulous  paper,  and  touching 
it  with  a  solution  of  the  ferrous  sulphate.  The  last  traces  of  fer- 
ridcyanide are,  howevei,  the  most  difficult  to  obliterate.  The  solu- 
tion is  now  evaporated  and  crystallized.  Two  abnndant  crops  of 
nearly  pure  sodic  nitropmaside  may  thus  be  obtained.  The  third 
crop  is  generally  mixed  with  potassic  chloride,  and  sodio  and 
potaeaic  tartrate,  and  has  to  be  picked  out  from  them. 

Unless  the  precautions  which  have  been  deacribed  have  been 
strictly  attended  to,  a  small  quantity  of  sodic  ferrocyanide  will  be 
found  in  the  mother  liquor. 

*  If  the  eolntion,  on  miztore,  instead  of  being  boiled,  aa  recommended,  bs 
kept  cool,  a  large  quantity  of  nitiopnudde  ii  itLll  fonoed,  and  a  conuderable 
amount  of  oxamlde  ia  deposited. 
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Bj  the  proceu  now  described  sodio  nitropnuBide  can  be  made 
in  any  qnantity,  and  without  the  Icwa  of  any  of  the  Cyanogen  pro- 
dnoti.  The  reaction  involved  in  the  above  proceee  is  extremely 
■imple.  The  fint  portion  of  tartario  acid  removes  an  atom  of 
potsMinm,  and  sabstitutes  it  by  hydrogen.  The  second  portion 
of  acid  acts  on  the  sodio  nitrite,  liberating  nitrons  acid : — 
2PeCy,K^  +  2N0^  =  2H.0  +  SPeCy^OK,  +  Cy,. 

The  sodio  chloride  and  tartrate  exchange  their  Bodinm  for  the 
potaninm  of  the  nitropnuaide,  partly  on  addition,  and  more  largely 
on  ciystallizatiou. 


8.  Note  on  the  Bealitj  of  the  Boots  of  the  Symbolical 
Cubic  which  expresses  the  Fropeities  of  a  Self-conjngate 
Linear  and  Vector  Function.    By  Professor  Tait. 

Hamilton  has  shown  that  if 

where  a  and  J3  are  given  vectors,  and  A  a  given  scalar,  we  have 

if-m,fi'+mjf  -m)p«=0, 
where  m,m„  m,  are  scalars  depending  only  on  p. 
When  the  function  fit  it*  own  eonjugait,  *'.«.,  when 

p  and  a  being  any  vectors  whatever,  the  vectors  for  which 
(p-yV^O.or  ftillp,  or  Vpft,=  0, 

form  in  general  a  real  and  definite  rectangnlai  Hystem.  This,  of 
oooise,  may  in  particular  cases  degrade  into  one  definite  vector,  and 
any  pair  of  others  perpendicnlar  to  it ;  and  cases  may  occur  in  which 
the  equation  is  satisfied  for  evwy  vector. 

Suppose  the  roots  of  m,=  m  +  n),;-f-m,^  +  ^  ^O  to  be  real  and 
different,  then 

ffPi  ■=  9xh  ] 

fPt  =  HtPt  \  where  p^,  p^,  p^  are  definite  veoton. 
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Hence       ff,ff.Sftp,  -  Sfp.ft^ 

e:  Sp,  f'p,,  or  =  Sf),fVi> 
becBose  f  is  its  own  conjugate. 
But  p»ft  =  g,'h, 

and  therefore 

JiftSpiP,  =  jj;Sftp,=  j(fSp,p,; 
which,  aa  g^  and  jr,  are  by  hypotheBis  different,  requires 

Similarly  S^p,  =  0,         Sftp,  =  0. 

If  two  roots  be  equal,  u  ^, ,  ^, ,  we  still  bare,  by  the  above  proof, 
Bpifi,  -  0,  and  Spip,=>  0.  Bnt  there  ii  nothing  farther  to  determine 
f^  and  p,,  which  are  therefore  any  vectors  perpendicnlar  to  p,. 

If  all  three  roots  be  eqaal,  etwry  real  vector  sBtisfies  the  equation 

Next,  as  to  the  rtoiity  of  the  three  roots  when  the  function  is 
self-conjugate. 

Suppose  7, +&,V-1  to  be  a  root,  and  letp,+er,V-l  be  the  cor- 
responding value  of  p,  where  9,  and  A,  are  real  numbers,  p,  and  v, 
real  vectors,  and  V  —  1  the  old  imaginary  of  algebra. 

Then        p(ft + <r,*'^)= (y. + A.V^O. + ^^y^), 
and  this  divides  itself,  as  in  algebra,  into  the  two  equations 

Operating  on  these  by  8<r„  8p,  respectively,  and  subtracting  the  re* 
suits,  remembering  out  condition  as  to  the  natnie  of  f 

S<r,fio,=  Sp,p<r„ 
we  hivo  AiCf'.'+ft')"©- 

But,  as  ir,  and  p,  are  both  real  vectors,  the  sum  of  their  squares 
cannot  vanish.  Hence  A,  vanishes,  and  with  it  the  impossible  part 
of  the  root. 


ny  Google 


Proceedings  of  the  Boyai  Socieiy 


4.  On  Vortex  Atoms.     By  Professor  Sir  William  Thomaon. 

After  noticing  Helmholtz'a  admiTable  discoTery  of  the  law  of 
vortex  motion  in  a  perfect  liquid,  tliat  is,  in  a  fluid  perfectly 
destitute  of  viacosity  (or  fluid  friction),  the  anthot  eaid  that  thie 
diBCOTery  inevitably  suggests  the  idea  that  Helmholtz's  rings  are 
the  only  true  atoms.  For  the  only  pretext  seeming  to  justify 
the  monstrous  assumption  of  infinitely  strong  and  infinitely  rigid 
pieoes  of  matter,  the  existence  of  whioh  is  asserted  as  a  probable 
hypothesis  by  some  of  the  greatest  modern  chemists  in  their  rashly- 
TTorded  introductory  statements,  is  that  urged  by  Lucretius  and 
adopted  by  ]N'ewtoD;  that  it  seems  necessary  to  account  far  the 
unalterable  distinguishing  qualities  of  different  kinds  of  matter. 
But  Helmholtz  has  proved  an  absolutely  unalterable  quality  in  the 
motion  of  any  portion  of  a  perfect  liquid,  in  which  the  peculiar 
motion  whioh  be  calls  "  wirbel-bewegung"  has  been  once  created. 
Thus,  any  portion  of  a  perfect  liquid  which  has  "wirbel-hewegung" 
has  one  recommendation  of  Lucretius'  atoms — infinitely  perennial 
specific  quality.  To  generate  or  to  destroy  "  wirbel-bewegung"  in 
a  perfect  fluid  can  only  be  an  act  of  creative  power,  Lucretius' 
atom  does  not  explain  any  of  the  properties  of  matter  without 
attributing  them  to  the  atom  itself.  Thus  the  "  dash  of  atoms," 
as  it  has  been  well  called,  has  been  invoked  by  his  modern  followers 
to  account  for  the  elasticity  of  gases.  Every  other  property  of 
matter  has  similarly  required  an  assumption  of  specific  forces  per- 
taining to  the  atom.  It  is  as  easy  (and  as  improbable^not  more 
fio)  to  assume  whatever  specific  forces  may  be  required  in  any  por- 
tion of  matter  whioh  possesses  the  "  wirbel-bewegung,"  as  in  a 
solid  indivisible  piece  of  matter,  and  hence  the  Lucretius  atom  has 
no  prtma/otiie  advantage  over  the  Helmholtz  atom.  A  magnificent 
display  of  smoke-rings,  which  he  recently  hod  the  pleasure  of  wit- 
nessing in  Professor  Tait's  lecture-room,  diminished  by  one  the 
number  of  assumptions  required  to  explain  the  properties  of  matter, 
on  the  hypothesis  that  all  bodies  are  composed  of  vortex  atoms  in 
a  perfect  homogeneouB  liquid.    Two  smoke-rings  were  frequently 
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seen  to  bound  obliqaely  from  one  another,  sbakiDg  violently  from 
the  effects  of  the  shock.  The  reanlt  was  vei;  similar  to  that  ob- 
servable in  tvo'  laige  india-rubbei  rings  striking  one  another  in  the 
air.  The  elasticity  of  each  smoke-iing  seemed  no  further  from 
perfection  than  might  be  expected  in  a  solid  india-rubber  ring  of 
the  same  shape  from  what  we  know  of  the  viscosity  of  india-rubber. 
Of  course  this  kinetic  elasticity  of  form  is  perfect  elasticity  for 
vortex  rings  in  a  perfect  liquid.  It  is  at  least  as  good  a  beginning 
as  the  "clash  of  atoms"  to  acconnt  for  the  elasticity  of  gases. 
Probably  tbe  beautiful  investigations  of  D.  Bemonilli,  Herapath, 
Joule,  Eriinig,  Clausius,  and  Maxwell,  on  tbe  various  thermo- 
dynamic properties  of  gases,  may  have  all  tbe  positive  assumptions 
they  have  been  obliged  to  make  as'to  mutual  forces  between  two 
atoms  and  kinetic  energy  acquired  by  individual  atoms  or  mole- 
cules, satisfied  by  vertex  rings,  without  requiring  any  other  property 
in  the  matter  whose  motion  composes  them  than  inertia  and  in- 
compressible occupation  of  space.  A  full  mathematical  investiga- 
tion of  the  mutual  action  between  two  vortex  rings  of  any  given 
magniLndes  and  velocities,  passing  one  another  in  an;  two  lines, 
80  directed  that  they  never  come  nearer  one  another  than  a  laige 
multiple  of  the  diameter  of  either,  is  a  perfectly  solvable  mathe- 
matical problem;  and  tbe  novelty  of  the  circumstances  contem- 
plated presents  difficulties  of  an  exciting  character.  Its  solution 
will  become  the  foundation  of  the  proposed  new  kinetic  theory  of 
gases.  The  poesibility  of  founding  a  theory  of  elastic  solids  and 
liquids  on  the  dynamics  of  more  closely-pocked  vortex  atoms  may 
he  reasonably  anticipated.  It  may  be  remarked,  in  connection 
with  this  anticipation,  that  the  mere  title  of  Bankine's  paper  on 
"  Molecular  Vortices,"  communicated  to  tbe  Royal  Society  of  Edin- 
burgh in  1819  and  1850,  was  a  most  suggestive  step  in  physical 
theory. 

Diagrams  and  wire  models  were  shown  to  tbe  Society,  to  illus- 
trate knotted  or  knitted  vortex  atoms,  the  endless  variety  of 
which  is  infinitely  more  than  sufficient  to  explain  tbe  varieties 
and  allotropies  of  known  simple  bodies  and  their  mutual  affinities. 
It  is  to  be  remarked  that  two  ring  atoms  linked  together,  or  one 
'  knotted  in  any  manner  with  its  ends  meeting,  constitute  a  system 
which,  however  it  may  be  altered  in  shape,  can  never  deviate  from 
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its  own  peculiarity  of  multiple  continuity,  it  l)eing;  impoaeible  for 
the  matter  in  any  line  of  Tortez  motion  to  go  through  the  line  of 
any  other  matter  in  Buch  motiou  or  any  other  part  of  its  own  line. 
In  fact,  a  closed  line  of  vortex  core  is  literally  indivisible  by  any 
action  resulting  from  vortex  motion. 

The  author  called  attention  to  a  very  important  property  of  the 
Tortex  atom,  with  reference  to  the  now  celebrated  spectrum  analysis 
practically  established  by  the  diBcoveries  and  labours  of  £ircbof 
and  Bunsen.  The  dynamical  theory  of  this  subject,  which  Pro- 
fessor Stokes  had  taught  to  the  author  of  the  present  paper  before 
September  1852,  and  which  he  has  taught  in  his  lectures  in  the 
University  of  Glasgow  from  that  time  forward,  required  that  the 
ultimate  constitution  of  simple  bodies  should  have  one  or  more 
fundamental  periods  of  vibration,  as  has  a  stringed  instrument  of 
one  or  more  strings,  or  an  elastic  solid  consisting  of  ooe  or  more 
tuning  forks  rigidly  connected.  To  assume  such  a  property  in  the 
Lucretius  atom,  is  at  ouce  to  give  it  that  very  flexibility  and  elas- 
ticity, for  the  explanation  of  which,  as  exhibited  in  aggregate 
bodies,  the  atomic  constitution  was  originally  assumed.  If,  then, 
the  hypothesis  of  atoms  and  vacuum  imagined  by  Lucretius  and 
his  followers  to  be  necessary  to  account  for  the  flexibility  and  com- 
pressibility  of  tangible  solids  and  fluids,  were  really  necessary,  it 
would  be  necessary  that  the  molecule  of  sodium,  for  instance, 
should  be  not  an  atom,  but  a  group  of  atoms  with  void  space  be- 
tween them.  Such  a  molecule  could  not  be  strong  and  durable, 
and  thus  it  loses  the  one  recommendation,  which  has  given  it  the 
degree  of  acceptance  it  has  bad  among  philosophers;  but,  as  the 
experiments  shown  to  the  Society  illustrate,  the  vortex  atom  has 
perfectly  definite  fundamental  modes  of  vibration,  depending  solely 
on  that  motion,  the  existence  of  which  constitutes  it.  The  dis- 
covery of  these  fundamental  modes  forms  an  intensely  interesting 
problem  of  pare  mathematics.  Even  for  a  simple  Helidholtz  ring, 
the  analytical  difficulties  which  it  presents  ore  of  a  very  formid- 
able character,  but  certainly  far  from  insuperable  in  the  present 
state  of  mathematical  science.  The  author  of  the  present  com- 
munication had  not  attempted,  hitherto,  to  work  it  out  except  for 
an  infinitely  long,  straight,  cylindrical  vortex.  For  this  ease  he  is  • 
working  out  sotntions  corresponding  to  every  posaible  description  of 
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infiniteslnikl  Ttbration,  and  intended  to  include  them  in  a  mathe- 
matioal  paper,  which  he  hoped  soon  to  be  able  to  communicate  to 
the  Royal  Society.  One  veiy  simple  reeult  vhich  he  could  now 
Btate  is  the  following.  Let  such  a  vortex  be  given  with  its  section 
differing  from  euot  clronlu  figure  by  an  infinitesmal  harmonic 
deviation  of  ordei  •,  This  form  will  travel  as  waves  round  the  axis 
of  the  cylinder  in  the  same  direction  as  the  vortex  rotation,  with 

an  angular  velooity  equal  to  ^^—  of  the  angular  velocity  of  this 

rotation.  Hence,  aa  the  number  of  oieets  in  a  whole  circumference 
is  equal  to  V,  for  a  hannoiiio  deviation  of  order*,  there  are  i-\ 
periods  of  vibration,  in  the  period  of  revolution  of  the  vortex. 
For  the  case  i  =  \  there  is  no  vibration,  and  the  solution  expreesea 
merely  au  infinitesimally  displaced  vortex  with  its  circular  form 
unchanged.  The  case  tcS  correspouda  to  elliptic  deformation 
of  the  circular  eection;  and  for  it  the  period  of  vibration  is 
aimply,  therefore,  the  period  of  revolution.  These  resnlta  are,  of 
course,  applicable  to  the  Helmholtz  ring,  when  the  diameter  of  the 
approximately  circular  section  is  small  in  comparison  with  the 
diameter  of  the  ring,  as  it  is  in  the  smoke-rings  exhibited  to  the 
Society.  The  lowest  faudamental  modes  of  the  two  kinds  of  trans- 
verse vibrations  of  a  ring,  such  as  the  vibrations  that  were  seen  in 
the  experiments,  mnst  be  much  graver  than  the  elliptic  vibration 
of  section.  It  is  probable  that  the  vibrations  which  constitute  the 
incandeecencc  of  sodium  vaponr  are  analogous  to  those  which  the 
smoke-rings  had  exhibited ;  and  it  is  therefore  probable  that  the 
period  of  the  vortex  rotations  of  the  atoms  of  sodium  vapour  ore 
much  leas  than  y^j  of  the  millionth  of  the  millionth  of  a  second, 
thia  being  approximately  the  period  of  vibration  of  the  yellow 
sodium  light.  Further,  inasmuch  as  this  light  oonsbts  of  two  sets 
of  vihratioDB  co-existent  in  slightly  different  periods,  equal  ap- 
proximately to  the  time  just  stated,  and  of  as  nearly  as  can  ho 
perceived  equal  intensities;  the  sodium  atom  must  have  two  fna- 
damental  modes  of  vibration,  having  those  for  their  respective 
periods,  and  being  about  equally  excitable  by  such  forces  as  the 
atom  experiences  in  the  incandescent  vapour.  This  last  condition 
renders  it  probable  that  the  two  fundamental  modes  concerned  are 


ny  Google 


98  Proceedings  qfthe  Bo^  Sodetg 

approximately  Bimilar  (and  not  merely  diQereut  orders  of  different 
series  chancing  to  concni  very  nearly  in  their  periods  of  vibration). 
Id  an  approximately  circular  and  uniform  disc  of  elastic  Bolid  the 
fundamental  modeq  of  transveree  Tibration,  with  nodal  division  into 
qnadiantB,  fnlfils  both  the  conditions.  In  an  ap[«oximately  circnlar 
and  uniform  ring  of  elastic  solid  these  conditions  are  fulfilled  for 
the  flexnral  Tibrations  in  its  plane,  and  also  in  its  transTerse  vibra- 
tions  perpendicular  io  its  own  plane.  But  the  circular  vortex  ring, 
if  created  with  one  part  somewhat  thicker  than  another,  would  not 
remain  so,  but  would  experience  longitudinal  Tibrations  round  its  own 
circumference,  and  could  not  possibly  have  two  fundamental  modes 
of  vibration  similar  in  character  and  approximately  equal  in  period. 
The  same  assertion  may,  it  is  probable,*  be  practically  extended  to 
any  atom  consisting  of  a  single  vortex  ring,  however  involved,  as 
illustrated  by  those  of  the  models  shown  to  the  Society,  which  con- 
sisted of  only  a  single  wire,  knotted  in  various  ways.  It  seems, 
therefore,  probable  that  the  sodium  atom  may  not  consist  of  «  single 
vortex  line ;  but  it  may  very  probably  consist  of  two  approximately 
equal  vortex  rings  passing  through  one  another,  like  two  links  of  a 
chain.  It  is,  however,  quite  certain  that  a  vapour  ooosisting  of 
such  atoms,  mth  proper  volumes  aud  angular  velocities  in  the  two 
rings  of  each  atom,  would  act  precisely  as  incandescent  sodium 
vapour  acts;  that  is  to  say,  would  fulfil  the  "spectrum  test"  for 
sodium. 

The  possible  effect  of  change  of  temperature  on  the  fundamental 
modes  cannot  be  pronounced  upon  without  mathematical  inves- 
tigation not  hitherto  executed;  and  therefore  we  cannot  say  that 
the  dynamical  explanation  now  suggested  is  mathematically  demon- 
strated so  far  as  to  include  the  very  approximate  identity  of  the 
periods  of  the  vibrating  particles  of  the  incandescent  vapour  with 
those  of  their  corresponding  fundamental  modes,  at  the  lower  tem- 
perature, at  which  the  vapour  exbibita  its  remarkable  edisorbing 
power  for  the  sodium  light, 

A  very  remarkable  discovery  made  by  Helmholtz  regarding  the 

•  [ffoie,  AprS  26, 1887. — The  Kntbor  has  recentl;  seen  rewon  for  belieTing 
that  tbe  Bodiom  chftncteriBtic  might  be  rsalued  bj  a  certain  conSgnratioii  of 
a  tingle  line  of  vortex  core  to  b«  described  in  tbe  mathematical  paper  which 
be  intends  to  oaramDnicate  to  tbe  Bodstj.] 
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aiinple  voilex  ring  is,  that  it  aIwa7B  moTee,  retatiTel;  to  the  dis- 
tant parts  of  the  fluid,  in  a  diiection  pe^ndicnlor  to  its  plane 
towards  the  side'  towards  which  the  rotator;  motion  carries  the 
inner  parts  of  the  ring.  The  determi nation  of  the  velooity  of  this 
motion,  even  approximately  for  rings  of  wHicli  the  sectional  radius 
is  smalt  in  comparison  with  the  radius  of  the  circular  axis,  has  pre- 
sented znatbem&tioal  difficulties  which  have  not  jet  been  OTercome. 
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outline  of  an  atmoBphere  of  smoke  in  front  of  the  ring.  This 
convex  ontline  indioatee  the  bounding  surface  between  the  quantity 
of  amoke  which  ia  oarried  forward  with  the  ring  in  its  motion, 
and  the  Bunonnding  air  which  yields  to  let  it  pass.  It  is  not 
eo  eu;  to  distinguish  the  corresponding  convex  outline  behind 
the  ring,  beoanse  a  oonfosed  trail  of  smoke  is  generally  left  in  the 
rear.  In  a  perfect  fluid  the  bounding  surface  of  the  portion  carried 
forward  would  neceasarily  be  quite  symmetrical  on  the  anterior  and 
posterior  sides  of  the  middle  plane  of  the  nog.  The  motion  of  the 
surrounding  fluid  must  he  precisely  the  same  as  it  would  be  if  the 
space  withiu  this  surface  were  occupied  hy  a  smooth  solid ;  but  in 
reality  the  air  within  it  is  in  a  state  of  rapid  motion,  circulating 
round  the  circular  axis  of  the  ring  with  increasing  velocity  on  the 
cirouitfl  nearer  and  nearer  to  the  ring  itself.  The  circnmBtances  of 
the  actual  motion  may  be  imagined  thus : — Let  a  solid  column  of 
india-rubber,  of  circular  section,  with  a  diameter  small  in  propor- 
tion to  its  length,  be  bent  into  a  circle,  and  its  two  ends  properly 
aplioed  together,  so  that  it  may  keep  the  circular  shape  when  left 
to  itself ;  let  the  aperture  of  the  ring  be  closed  by  an  infinitely  thin 
film ;  let  an  impulsive  pressure  be  applied  all  over  this  film,  of  in- 
tensity so  distributed  as  to  produce  the  definite  motion  of  the  fluid, 
specified  as  follows,  and  instantly  thereafter  let  the  film  be  all 
liquefied.  This  motion  b,  in  accordanoe  with  one  of  Helmholtz's 
laws,  to  be  along  those  curves  vhioh  vould  be  the  lines  of  force,  if, 
in  place  of  the  india-rubber  circle,  were  substituted  a  ring  electro- 
magnet,* and  the  velocities  at  different  points  are  to  he  in  pro- 
portion to  the  intensities  of  the  magnetic  forces  in  the  corresponding 
points  of  the  magnetic  field.  The  motion,  as  has  been  long  known, 
will  fulfil  this  definition,  and  will  conttnne  fulfilling  it,  if  the 
initiating  velocities  at  every  point  of  the  film  perpendicular  to  its  own 

Ur  D.  M'Farlane,  from  udcnlationi  which  bs  bu  perfonned  by  means  of  the 
eqnition  of  the  Bfstam  of  cnrrea,  which  ia 

S=l-K-('*5).'"--«».x=--±i 

Th»  proof  will  be  girsn  in  the  mathematical  paper  which  the  author  Jutouda 
to  commnnicate  in  a  short  time  to  the  Royal  Society  of  Edinburgh. 

*  That  ia  to  lAj,  a  eircnlar  oondnctor  with  a  eorrent  of  electridty  main- 
tuned  circnlating  through  it. 
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plane  be  in  proporttoD  to  the  intensities  of  the  magnetic  foioe  in 
the  coiresponding  points  of  the  magnetic  field.  Let,  now,  the  ring 
be  moved  perpendicular  to  its  own  plane  in  the  diiection  with  the 
motion  of  the  fluid,  through  the  middle  of  the  ring,  with  a  velocity 
vei;  small  in  oompaiison  with  that  of  the  fluid  at  the  centre  of  the 
ling.  A  large  approximately  globular  portion  of  the  fluid  will  be 
carried  forward  with  the  ring.  Let  the  velocity  of  the  ring 
he  increased ;  the  volume  of  fluid  carried  forward  will  be  diminished 
in  every  diameter,  but  most  in  the  axial  or  fore-and-aft  diameter, 
and  ita  shape  will  thus  become  sensibly  oblate.  By  increasing  the 
velocity  of  the  ring  forward  more  and  more  this  ohlateneas  will  in- 
crease, until,  instead  of  being  wholly  convex  it  will  be  concave, 
before  and  behind,  round  the  two  ends  of  the  axis.  If  the  forward 
velocity  of  the  ring  be  increased  until  it  is  just  equal  to  the  velo- 
city of  the  fluid,  through  the  centre  of  the  ring,  the  axial  section 
of  the  outline  of  the  portion  of  fluid  carried  forward  will  become  a 
lemniscate.  If  the  ring  be  carried  still  faster  forward,  the  portion 
of  it  carried  with  the  india-rubber  ring  will  be  itself  annular;  and, 
relatively  to  the  ring,  the  motion  of  the  fluid  will  be  backwards 
through  the  centre.  In  all  cases,  the  figure  of  the  portion  of  fluid 
carried  forward,  and  the  lines  of  motion,  will  be  symmetric^,  both 
relatively  to  the  axis  and  relatively  to  the  two  sides  of  the  equatorial 
plane.  Any  one  of  the  states  of  motion  thus  described  might  of 
course  be  produced  either  in  the  order  desoril>ed,  or  by  first  giving 
a  velocity  to  the  ring,  and  then  setting  the  fluid  in  motion  by  aid 
of  an  inetaQtaneouB  film,  or  by  applying  the  two  initiative  actions 
eimnltaneously.  The  whole  amount  of  the  impulse  required,  or,  as 
we  may  call  it,  the  effective  momentum  of  the  motion,  or  simply 
the  momentum  of  the  motion,  is  the  sum  of  the  integral  values  of 
the  impulses  on  the  ring  and  on  the  film  required  to  produce  one 
or  other  of  the  two  components  of  the  wbole  motion.  Now  it  is 
obvious  that,  as  the  diameter  of  the  ring  is  very  small  in  compari- 
son with  the  diameter  of  the  circular  axis,  the  impulse  on  the  ring 
tnnst  be  very  small  in  comparison  with  the  impulse  on  the  film, 
unless  the  velocity  given  to  the  ring  is  much  greater  than  that 
given  to  the  central  parts  of  the  film.  Hence,  unless  the  velocity 
given  to  the  ring  is  so  very  great  as  to  reduce  the  volume  of  the 
fluid  carried  forward  with  it  to  something  not  incomparably  greater 
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than  the  TOlume  of  the  solid  ring  iteelf,  the  momentB  of  the  seTOral 
canfigarationfl  of  motjoiu  ve  have  been  oonsidering  will  exceed  hy 
bnt  insenBihle  quantities  the  momeDtnm  when  the  riog  ia  fixed. 
The  value  of  this  momentam  ia  easily  found  b;  a  proper  application 
of  Oreen'e  formnln.  Tbns  the  actnal  momentum  of  tbe  portion 
of  fluid  oarried  forward  (being  the  same  aa  that  of  a  solid  of  the 
same  deuaity  moving  with  the  same  velocitj),  together  with  an 
equivalent  for  the  inertia  of  the  fiuid  yielding  to  let  it  pass,  is 
approximately  the  same  in  all  these  cases,  and  is  equal  to  a 
Green's  integral  exprewing  the  whole  initial  impulse  on  the  film. 
The  equality  of  the  effective  momentum  for  different  velocities  of 
the  ring  is  easily  verified  withirat  analysis  for  velocities  not  so  great 
as  to  cause  seuoible  deviations  from  spherical  figure  in  the  portion 
of  fluid  oariied  forward.  Thus,  in  every  case,  the  length  of  the 
axis  of  the  portion  of  the  flaid  carried  forward  is  determined  by 
finding  the  point  in  the  axis  of  the  ring  at  which  the  velocity  is 
equal  te  the  velocity  of  the  ring.  At  great  distances  from  the 
plane  of  the  ring  tbis  velocity  varies,  as  does  the  magnetic  force 
of  an  infinitesimal  magnet  on  a  point  in  its  axis,  inversely  as  the 
cube  of  the  distance  from  the  centre.  Hence  the  oube  of  the  radius 
of  the  approximately  globular  portion  carried  forward  is  in  simple 
proportion  to  the  velocity  of  the  ring,  and  therefore  its  momentum 
is  constant  for  different  velocities  of  the  ring.  To  tbis  must  be 
added,  as  was  proved  by  FoisscQ,  a  quantity  equal  to  half  its  own 
amount,  aa  an  equivalent  for  the  inertia  of  the  external  fluid;  and 
the  sum  ia  the  whole  effective  momentum  of  the  motion.  Hence 
we  see  not  only  that  the  whole  effective  momentum  is  independent 
of  the  velocity  of  the  ring,  but  that  its  amount  is  the  same  as  the 
magnetic  moment  in  the  corresponding  ring  electro- magnet.  The 
same  result  is,  of  conrse,  obtained  by  the  Green's  integral  referred 
to  above. 

The  synthetical  method  just  explained  is  not  confined  to  tbe 
case  of  a  single  circular  ring  specially  referred  to,  but  is  equally 
applicable  to  a  number  of  rings  of  any  form,  detached  from  one 
another,  or  linked  through  one  another,  in  any  way,  or  to  a  single 
line  knotted  to  any  degree  and  quality  of  "  multiple  continuity," 
and  joined  continnonsty,  so  as  to  have  no  end.  In  every  poesible 
sncb  caae,  the  motion  of  tbe  fluid  at  every  point,  whether  of  the 
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Tortez  core  or  of  the  fiuid  filling  all  space  Ktuai  it,  is  perfectly  de- 
termined by  Helmholtz's  forinulte,  when  the  §hape  of  the  core  is 
given.  And  the  ayntbetio  investigation  now  explained  piovea  that 
the  effective  momentum  of  the  whole  fluid  motion  agrees,  in  magni- 
tude and  direction,  with  the  magnetic  moment  of  the  coirespoDding 
electro-magnet.  Hence,  still  considering,  for  simplicity,  only  an  in- 
finitely thin  line  of  oore^  let  this  line  be  projected  on  each  of  three 
planes  at  right  angles  to  one  another.  The  areas  of  the  plane  ciicnits 
thus  obtained  (to  be  reckoned,  according  to  De  Morgan's  rule,  when 
antomio,  as  they  will  generally  be),  are  the  components  of  momen- 
tum perpendicular  to  these  three  planes.  Tfae  verification  of  this 
result  will  be  a  good  exercise  on  "  multiple  continuity."  The 
author  is  not  yet  sufficiently  acquainted  with  Biemann's  remark- 
able isBearches  on  this  branch  of  analytical  geometry,  to  know 
whether  or  not  all  the  kinds  of  "  multiple  ooiUinuity  "  now  sug- 
gested ore  included  in  his  clasBtfication  and  nomenclature. 

That  part  of  the  synthetical  investigation  in  which  a  thin  solid 
wire  ring  is  st^poaed  to  be  moving  in  any  direction  through  a  fiaid 
with  the  free  vortex  motion  previously  excited  in  it,  requires  the 
diameter  of  the  wire  at  every  point  to  be  infinitely  small  in  com- 
parison with  the  radius  of  curvature  of  its  axis  and  with  the  dis- 
tance of  the  nearest  of  any  other  part  of  the  circuit  from  that  point 
of  the  wire.  But  when  the  efiective  moment  of  the  whole  fluid 
motion  has  been  fonnd  for  a  vortex  with  infinitely  thin  core,  we  may 
suppose  any  number  of  such  vortices,  however,  near  one  another  to 
be  excited  simultaneously :  and  the  whole  effective  momentum,  in 
magnitude  uid  direction,  will  be  the  resaltant  of  the  momenta  of 
the  different  component  vortices  each  estlniated  separately.  Hence 
we  have  the  remarkable  proposition  that  the  effective  momentum 
of  any  possible  motion  in  an  infinite  incompressible  fluid  agrees  in 
direction  and  magnitude  with  the  magnetic  moment  of  the  cor- 
responding eleclro-mBgnet  in  Helmboltz's  theory.  The  author 
hopes  to  give  the  mathematical  formulce  expressing  and  proviug 
this  statement  in  the  more  detailed  paper,  which  he  hopes  soon  to 
be  able  to  lay  before  the  Boyal  Society. 

The  question  early  occurs  to  any  one  either  observing  the  phe- 
nomena of  smoke-rings  oi  investigating  the  theory — What  condi- 
tions determine  the  size  of  the  ring  in  any  case?    Helmholts'a 
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investig&tioa  provee  that  the  angular  vortex  velocity  of  tbe  core 
varies  directly  as  its  length,  or  inversely  as  its  eectional  area. 
Eeace  the  strength  of  the  electric  cnrrent  in  the  electro-magnet, 
corresponding  to  an  infinitely  thin  vortex  core,  remaioB  coDstant, 
however  much  its  length  may  be  altered  io  the  conrse  of  the  trans- 
formations vrhich  it  experiences  hy  the  motion  of  the  fluid.  Hence 
it  is  obvions  that  the  larger  the  diameter  of  the  ring,  for  the  same 
volume  and  strength  of  voitez  motions  in  an  ordinary  Helmholtz 
ring,  the  greater  is  the  whole  kinetic  energy  of  the  fluid,  and  the 
greater  is  the  momentum ;  and  we  therefore  see  that  the  dimen- 
Bions  of  a  Helmholtz  ring  aro  determinate  when  the  volnme  and 
strength  of  the  vortex  motion  are  given,  and  besides,  either  the 
kinetic  energy  or  tlie  momentiun  of  the  whole  fluid  motion  dne 
to  it.  Hence  if,  after  any  number  of  collisionB  Oi  influences,  a 
Helmholtz  ring  esc^»e>  to  a  great  distance  from  others  and  is  theu 
free,  or  neatly  free,  from  vibrations,  its  diameter  will  have  been 
increased  or  diminished  according  as  it  has  taken  energy  &om,  or 
given  energy  to,  the  others.  A  full  theory  of  the  swelling  of 
vortex  atoms  by  elevation  of  temperature  is  to  be  worked  out  from 
this  principle. 

Professor  Tail's  plan  of  exhibiting  smoke  rings  is  as  follows : — 
A  large  leotangnlar  box,  open  at  one  side,  has  a  circular  hole  of 
six  or  eight  inohes  diameter  cut  in  the  opposite  side,  A  common 
rough  psoking-hox  of  two  feet  cube  or  thereabout  will  answer  the 
purpose  very  well.  The  open  side  of  the  box  is  closed  by  a  stout 
towel  or  piece  of  cloth,  oi  by  a  sheet  of  India-mbber  sttetobed 
across  it.  A  blow  on  this  flexible  side  causes  a  circular  vortex 
ring  to  shoot  out  from  the  hole  on  the  other  side.  The  vortex 
rings  thus  gsnerated  are  visible,  if  the  box  is  filled  with  smoke. 
One  of  the  most  convenient  ways  of  doing  this  is  to  use  two  retorts 
with  their  necks  thrust  into  holes  made  For  the  purpose  in  one  of 
the  sides  of  the  box.  A  small  quantity  of  muriatic  acid  is  put  into 
one  of  these  retorts,  and  of  strong  liquid  ammonia  into  the  other. 
By  a  spirit-lamp  applied  ttom  time  to  time  to  one  or  other  of  these 
retorts,  a  thick  cloud  of  sal-ammoniac  is  readily  maintained  in  the 
inside  of  the  box.  A  carious  and  interoBting  experiment  may  be 
made  with  two  boxes  thus  arranged,  and  placed  either  side  by  side, 
close  to  one  another,  or  facing  one  another  so  as  to  project  smoke- 
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rings  meeting  from  opposite  directions;  or  in  various  relative  poei- 
tions,  BO  as  to  give  smoke-rinj^  proceeding  in  paths  inclined  to 
one  another  at  any  angle,  and  passing  one  another  at  various  dis- 
tances. An  interesting  variation  of  the  experiment  ma;  be  mode 
by  using  clear  aii  without  smoke  in  one  of  the  boxes.  The  in- 
Tiaible  Tortex  rings  projected  from  it  render  their  existence  start- 
lingly  sensible,  when  they  come  near  any  of  the  smoko  rings  pro- 
ceeding from  the  other  box. 
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Societj : — 

JoHH  M.  M'CiKDLiBH,  Eaq.,  W.8., 

The  following  Donations  to  the  Society  were  announced: — 

Proceedings  of  the'  Royal  Society  of  London.     Vol.  XV.  No.  89. 

8vo. — From  the  Society. 
Proceedings  of  the  Natural  History  Society  of  Dublin.    Vol.  IV. 

Part  3.     8vo.— Ftwn  the  Society. 
Qaarterly  Journal  of  the  Geological  Society,  London.  Vol.  XXIII. 

Part  1.     8vo. — From  the  Societif. 
Journal  of  the  Chemical  Society,  London.    Vol.  V.  No,  1.    8vo. — 

from  the  Societi/. 
Ninth  Detailed  Annual  Report  of  the  Registrar- General  of  Births, 

Deaths,  and  Harriages  in  Scotland.    Edinburgh,  1867.    8vo. 

— fWm  the  Begiitrar-Qeneral, 
An  Elementary  Treatise  ou  Quartz  and  Opal.    By  George  Wm. 

Traill,  r.G.S.E.    Edinburgh,  1867.    8to,— From  the  Author. 
Bulletin  de  la  Soci£t^  de  O^ographie.    Paris,  Janvier,  1867.    8to. 

— From  the  Society. 
Die  Urzeit  der  Erde,  gedicht  von  Pranz  v.  Kobell.     UiiDchen, 

1856.     8vo.— /fwn  the  Author. 
Akademische  Denkreden  von  Dr  Carl  Fr.  Ph  v.  Martius.     Leipzig, 

1866.     8vo.— f rom  the  AtUhor. 
VOL.  vi.  O 
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Bulletin  de  U  Soci£t£  Imp^riale  des  NatnralieteB  de  UoBCoa. 

No.  3,  1865 ;  No.  3,  1866.     8yo.—From  the  Soeitty. 
Berichte  uber  die  Yerhandlungeo  der  Koniglicb  SaobBiBcben  Qenell- 

scbaft  der  WisseuBcbaften  za  Leipzig.    MEtthematiBch — Fhys- 

ische  Clasee  No.  1-3.     1866.     8vo.—From  the  Society. 
Abhaudlungeu    der    PhilosopbiBoh  -  Pbilologisohen    Classe    der. 

Eoniglich  Bayerischen  Akademie  der  Wissenschaften.    Band 

XXXIX.  B.  XLII.     HistoriBchen  Claase.    B.  XXXVIII. 

MiincheQ,  1866.     4to. — From  the  Academy. 
AbbandluDgen  berauegegeben  Ton  der  SenckeDbergiecben  Natnr- 

forechendeD  G«Be11fichaft.     Band  VI.  No.  1,  2.     Frankfurt, 

1866.     4to Ftom  the  Society. 

Jabrbucb  dei  Eaiaerlicb-Koaiglicben  QeoIogiEcben  Beichsanstalt. 

Band  XVI.  No.  2,  3.    Wlen,  1866.    Byo.--From  the  Soday. 
Elektriscbe  TJntersncbuDgen,   Siebente  Abhandlntig.     Uber  die 

Tbermoelektriecben  Eigeoscbaftien  dea  Bergkiyetalles.    Yon 

W.  G.  Hankel.      Leipzig,   1866.      8vo.— J"iw»  tha  Na^md 

Hielory  Society,  Leipzig. 
Bestimmnng  des  LELDgenunterBchiedeB  zwiscben  den  Sterawuten 

za  Qotha  uod  Leipzig.    Von  P.  A.  Haoses.    Leipzig,  1866. 

8vo. — From  the  Natural  Bittory  Society,  Leipzig. 
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Monday,  ^tk  March  1867. 

Sib  DAVID  BREWSTER,  President,  in  the  Chair. 

The  following  Communications  were  read  : — 

1.  On  the  Arctic  Shell  Clay  of  Elie  and  Errol,  viewed  in 
connection  with  our  other  Glacial  and  more  Recent  De- 
posits.   By  the  Eev.  Thomas  Brown,  F.E.S.K 

Befeniag  to  the  papers  formerly  read  before  the  Society  in  1863 
and  1864,  the  author  first  noticed  the  Section  at  £nol,  its  strati- 
graphical  position  and  fossils,  more  especially  the  akeleton  of  a  seal 
which  had  been  found  in  the  clay.  He  then  described  more  in 
detail  the  different  deposita  as  they  occnr  in  the  neighbourhood  of 
BUe.  Sinoe  the  shore  Section  was  described  in  1863  two  Dew  Sec- 
tions had  been  examined,  and  the  position  of  the  diffeient  beds 
more  fnlly  ascertcuned.  One  was  in  the  railway  cutting  extending 
from  Elie  Bridge  to  the  Bailway  Station,  in  which,  when  first  laid 
open,  the  series  of  deposits  was  remarkably  well  dieplayed.  Begin- 
ning a  little  to  the  east  of  tbe  station,  the  following  beds  were  seen 
in  the  descending  order : — 

1.  Blown  sand  with  intercalated  beds  of  shell-bearing  peat,  one 
of  which  was  six  feet  in  thickness.  This  upper  portion  of  the 
series  is  largely  developed. 

2.  A  pecnliar  bed  of  peat  destituta  of  shells,  and  apparently  a 
continuation  of  that  at  the  shore,— the  submerged  forest. 

3.  A  portion  of  the  high-level  stratified  gravels  and  sands  of  the 
diatrict. 

At  this  point  there  is  a  break  in  tbe  series.     Tbe  portion 
above  is  unconformable  to  that  beneath. 

4.  The  arctic  shell  clay — a  continuation  of  the  same  deposit 
seen  on  the  shore  about  one-third  of  a  mile  distant. 

5.  The  boulder-clay  in  two  stages,  with  large  boulders  enclosed. 

6.  The  basement  bed  of  the  honlder-clay  full  of  shivers,  and 
resting  immediately  on  tbe  rock. 

These  difTerent  deposits  are  seen  in  regular  succession  firom  east 
to  vest. 
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The  olhet  Section  lies  to  the  irestvard  of  Kinctaig,  and  mna 
nearly  at  right  angles  to  the  former,  paBsing  from  the  shore  inland 
np  Ibe  couree  of  theCockleMill  Burn.  It  sbowe  the  folic wj ngheds:— 

1.  Blown  Band  rising  into  dunea  close  to  the  shore. 

2.  The  so  called  raised  beacfa  consisting  of  sand,  shingle,  and 
shells  in  layers,  the  shells  being  the  common  species  of  the  shore, 
and  very  much  in  the  same  state  as  those  now  on  the  beacb.  This 
deposit  is  powerfully  displayed,  rising  at  some  points  to  tvrenty 
feet  above  high-water  mark. 

3.  Further  inland,  and  apparently  underlying  No.  2,  is  a  series 
of  sands  and  clayo  in  contorted  layers.  Marine  shells  occur  at 
various  points.  One  of  the  layers  of  clay  was  pointed  oat  contain- 
ing numerous  specimens  of  Scrohieularia  piperata  in  their  natural 
position,  with  the  siphonal  end  uppermost.  As  this  bed  is  from 
twelve  to  fourteen  feet  above  high-water  mark,  attention  was  called 
to  the  evidence  thus  furnished  for  a  rise  in  the  bed  of  the  Firth, 
and  its  remarkable  coincidence  with  the  evidence  furnished  by  the 
same  deposits  at  Stirling  and  Portohello. 

4.  The  submerged  forest  of  Largo  Bay  as  it  is  found  near  the 
mouth  of  the  stream,  between  ttde-marks. 

The  additional  species  of  shells  were  described  as  determined  by 
Dr  0.  Tozell,  and  the  still  mure  complete  evidence  thus  furnished 
of  extreme  arctic  cold. 


2.  On  the  MotionB  and  Colours  npon  Films  of  Alcohol, 

Volatile  Oils,  and  other  Fluids.    By  Sir  David  Brewster, 

K.H.,  F.K.S.,  Ac. 

In  a  paper  "  On  the  Fbenomena  of  thin  Plates  exposed  to 
Polarised  Light,"  published  in  the  Philosophical  Transactions  for 
1841,  the  author  observed  certain  motions  and  colours  upon  some 
of  the  volatile  and  fixed  oils,  the  cause  of  which  he  did  not  attempt 
to  discover.  Their  apparent  similarity  to  the  molecular  move- 
ments and  colours,  described  in  a  preceding  paper,  induced  him  to 
resume  the  subject. 

When  a  drop  of  alcohol  is  placed  upon  an  aperture  the  fifth  of 
an  inch  in  diameter  or  less,  a  concave  lens  will  he  formed  upon  it. 
As  the  alcohol  evaporates,  a  very  small  plane  film  will  appear  in 
the  centre,  and  will  gradually  increase  till  it  fills  the  aperture.     If 
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held  in  ft  vertical  or  even  inclined  position,  and  examined  b;  trans- 
mitted  light,  a  cnrtent  of  fluid,  without  colour,  will  be  seen  iBaning 
from  the  margin  of  the  film,  moving  quickly  to  different  parta 
of  its  circumference,  eometimea  dividing  iteelf  into  two  currents 
danoingoppoBite  one  another,  and  tbeu  extending  into  secondary 
cnnents  in  conatant  motion.  Similar  cnrrente  are  produced  upon 
variouB  alcoholic  solutions  and  a  large  number  (seventy  to  eighty) 
of  volatile  oila,  &o. 

If  we  now  examine  the  film  by  reflected  light,  the  principle  and 
secondary  currents  will  be  seen  as  before,  but  accompanied  with 
tjatetoB  of  coloured  rings  of  great  beauty,  shifting  their  place  on 
the  film,  sometimes  in  rotation,  expanding  and  contracting  quickly, 
and  changing  their  form  and  colour. 

In  small  films  there  is  often  only  one  ayatem  of  rings  contracting 
and  expanding  with  a  constant  variation  of  the  central  tint.  In  gene- 
ral, however,  there  are  two,  three,  or  several  systems— eaoh  system 
being  produced  by  a  secondary  current  giving  motion  to  the  colour- 
ing matter  on  the  surface  of  the  film.  In  some  cases  the  motions 
and  coloni  disappear,  the  film  becomes  colourless,  and  tints  issue 
from  its  margin  aa  on  the  soap-bubhle ;  but,  in  general,  the  film 
bursts  before  this  takes  place.  The  colourless  currents  and  the 
colours  into  which  they  expand  are  supposed  by  the  author  to  have 
the  same  origin  as  those  upon  the  soap-bubble.  The  paper  is  illus- 
trated with  drawings  of  the  currents  and  of  the  systems  of  rings. 

S.  Note  on  the  Action  of  Nitric  Oxide,  Nitrons  Acid,  and 
Nitrites  on  Hcemoglobin.  By  Arthur  Gamgee,  M.D., 
F.RaE.,  F.C.S. 

When  engaged,  during  the  course  of  last  summer,  in  the  exami- 
nation of  the  action  of  various  medicinal  and  poisonous  agents  on 
blood,  I  observed  the  remarkable  change  in  the  colour  of  the  blood 
of  animals  poisoned  with  nitrite  of  amyl.  In  every  case  in  which 
I  induced  death  by  tbia  agent  the  blood  presented  a  dirty  choco- 
late coloration,  instead  of  the  characteristic  colour  of  normal  blood, 
When  examined  by  means  of  the  spectroscope,  this  blood  was  found 
to  present  optical  oharacters  very  difl'erent  from  those  of  ordinary 
blood,  for  the  two  well-marked  absorption  bands  of  0  -  baamoglobin, 
01  (as  the  readers  of  Professor  Stokes'  paper  will  know  them  better 
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as)  of  Boarlet  cmorine,  were  found  to  be  extreme!;  faint,  and  only 
Tiflibte  when  comparatively  thick  layers  of  finid  were  examined ; 
whllBt  an  additioDal  and  very  faint  absorption  band  in  the  red, 
oocnpying  the  aame  position  as  that  of  acid  faiemEitine,  was  eeon. 
I  at  first  thonght  that  the  acids,  generated  by  the  oxidation  of  the 
nitrite,  had  act«d  upon  the  blood-col OQring  matter  in  the  some 
manner  as  weak  acida  uBually  do,  effecting  a  partial  coDTersion 
into  hsematin,  so  that  whilst  the  bands  of  hemoglobin  were  yet 
visible,  the  one  cbaracteiiBtic  of  hmmatin  had  been  super-added. 
The  total  incoireotncBS  of  this  view  was  proved  on  a  more  CBTefnl 
examination  being  made.  On  adding  a  few  drops  of  ammonia 
to  the  blood-Botntion  in  which  nitrite  of  amyl  bad  effected  the 
peculiar  change  alluded  to,  its  colour  again  became  red,  and  whilst 
the  band  in  the  red  instantly  and  totally  disappeared,  the  two 
absorption  bands  situated  between  D  and  E  became  much  more 
distinct.  Moreover,  a  third  very  faint  absorption  band  was  found 
occnpying  the  junction  of  the  orange  and  yellow,  and  just  below 
Franenbofer's  line  D.  On  now  treating  the  blood  solutioDS  with 
such  deoxidising  agents  as  protosalts  of  iron  and  tin  and  sulphide 
of  ammonium,  a  spectrum,  differing  in  no  respect  from  that  of 
reduced  hnmoglobin,  was  obtained,  and  the  solution,  when  agitated 
with  air,  presented  the  most  beautiful  spectrum  of  oxy-hgemoglobin, 
•.e.,  the  two  bands  a  and  ff  Teaasnmed  all  the  distinctnesB  and 
beauty  which  they  presented  in  tbe  unaltered  blood  aolution. 

Nitrite  of  ethyl  was  found  to  effect  exactly  tbe  same  alteration 
as  nitrite  of  aroyl,  whilst,  as  might  be  expected,  vinic  and  amyUo 
alcohols,  when  added  in  small  quantities  to  blood,  were  without 
any  effect.  When  solutions  of  nitrite  of  sodium  or  of  potassium 
were  added  to  blood,  instantly  the  same  change  was  noticed  as  was 
ptodaced  by  amylic  and  vinic  nitrites.  On  very  faintly  acidulating' 
blood  with  acetic  acid,  and  subsequently  adding  a  small  quantity  of 
ft  solution  of  nitrite  of  sodium,  the  same  change  occurred. 

In  this  case  the  change  must  have  been  due  to  tbe  nascent 
nitrous  acid,  or  to  tbe  nitric  oxide  secondarily  resulting  from  it. 
In  order  to  endeavour  to  determine  whether  the  body  produced 
tinder  the  influence  of  nitrites  was  really  due  to  the  action  of 
nitrous  acid,  or  whether,  on  the  contrary,  it  was  formed  through 
the  agency  of  nitric  oxide,  I  performed  the  following  experiment. 
Perfectly  pure  nitric  oxide  was  passed  into  blood,  exactly  tbe  same 
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unuigementfl  being  employed  aa  were  used  b;  Hadow  in  hia 
expeiimente  on  the  conatitntion  of  nitro-prusaidee ;  instead,  how- 
ever, of  generating  the  nitric  oxide  by  the  action  of  nitrio  oxide  on 
copper,  the  gas  was  obtained  by  boiling  a  solution  of  ferric  snlphate, 
which  had  been  saturated  with  NO,  in  a  stream  of  carbonio  acid. 
After  the  action  of  nitric  oxide  had  gone  on  for  aome  seconds,  the 
line  in  the  red  made  its  appearance,  and  the  two  hemoglobin 
bands  became  very  indistinct,  whilst  the  colour  of  the  blood  became 
brown;  the  same  changes  were  thus  induced  as  were  found  to 
occur  when  nitrites  act  upon  blood.  On  the  addition  of  ammonia 
the  band  in  the  red  diaappeared,  and  the  spectrum  waa  marked  by 
the  band  in  the  orange,  to  whioh  allusion  haa  already  been  made. 

Although  this  obser\-ation  appeared  to  point  to  nitric  oxide  as 
the  agent  in  effecting  the  change,  it  was  perfectly  possible  that, 
in  reality,  it  was  due  to  nitrons  acid,  for  it  appeared  likely  that 
this  acid  might  be  formed  in  the  blood  by  the  nitric  oxide  seizing 
that  portion  of  the  oxygen  of  the  blood- colouring  matter,  which  is 
capable  of  removal  by  reducing  agents,  or  capable  of  expnlaion  by 
carbonic  oxide.  It  would  indeed  appear  from  my  experiments  that 
nitrous  acid  is  produced  in  the  reaction,  as  when  by  means  of  a 
long  funnel  a  mixture  of  potaasic  iodide,  atarch,  and  acetic  acid  ia 
conducted  to  the  bottom  of  a  blood  solution,  and  through  whioh 
nitric  oxide  ia  paaaing,  a  blue  colour  is  produced. 

In  order  to  separate,  if  possible,  the  substance  formed  under  the 
influence  of  NO  in  a  crystalline  form,  the  blood  of  a  dog  was 
allowed  to  ooagnlate,  and  after  complete  separation  of  the  serum 
the  clot  was  squeezed  in  linen.  The  red  fluid  thus  expressed 
was  mixed  with  one-and-a-half  times  its  volume  of  water,  and  then 
solution  of  nitrite  of  sodium  added,  until  the  characteriatic  spectrum 
was  obtained.  The  fluid  waa  then  mixed  with  one-fourth  of  its 
volnme  of  66  per  cent,  alcohol,  when  it  beoams  filled  with  micro- 
scopic needles  and  prisma  identical  with  those  of  0-htemoglobtn. 
They  merely  differed  from  the  latter  in  having  a  dirty  brown 
colour.  They  were  collected  on  filter  paper,  washed  with  ice-cold 
water,  pressed,  and  afterwards  mixed  with  a  considerable  quantity 
of  water.  They  did  not,  however,  entirely  redissolve,  a  small 
quantity  of  a  white  albuminoid  substance  remaining  undissolved. 
The  aolatiou  of  the  crystala  presented  the  same  spectnun  as  the 
blood  from  which  they  had  been  precipitated. 
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At  the  present  stage  of  my  reeearches  it  vould  be  prematura  to 
expresB  an  opinion  on  the  nature  of  the  eubstance  prodnced,  when 
hffiiDoglobin  is  acted  upon  by  nitrites  and  nitrous  acid.  That  it 
holds  a  very  close  relation,  indeed,  to  0  —  hramoglohin,  with  which 
it  appears  to  be  isomorphoufl,  is  obviaue,  whilst  it  is  most  im- 
probable that  it  has  any  analogy  to  the  bodies  formed  when  blood- 
colouring  matter  is  treated  with  carbouic  oxide,  or  when  snbjected 
to  the  prolonged  action  of  nitric  oxide,  m  the  pittence  of  amnumia. 
When  CO  acts  upon  blood,  or,  as  Hermann  has  recently  shown, 
when  M&  is  made  for  a  long  time  to  pass  through  blood  made 
alkaline  with  ammonia,  there  are  formed  compounds  in  which  one 
volume  of  CO  or  one  volume  of  NO  have  respectively  replaced  one 
volume  of  oxygen  in  the  colouring  matter — compounds  which  present 
exactly  the  same  spectrum  as  ordinary  blood,  but  which  differ  from 
it  in  being  totally  irreducible.  TbatN,Oj  abould  form  a  compound 
of  this  character  seems  improbable,  and  that  NO  should  form  two 
altogether  distinct  compounds  with  blood -colouring  matter,  is  even 
more  improbable.  It  is,  however,  much  more  likely  that  the  action 
of  nitrites  and  nitrous  acid  is  mainly  a  reducing  action,  and  that 
the  body  obtained  by  me  is  merely  a  leas  oxygenised  form  of  blood- 
colouring  matter. 


4.  Antiquities,  Scenery,  &c ,  of  Cambodia,  illustrated  by  a 
series  of  PliotograpkB,  shown  by  the  Oxyhydrogen  Light. 
By  J.  Thomson,  Esq.,  F.B.G.8.  Communicated  by  Pro- 
fessor Sir  J.  Y.  Simpson,  Bart. 


The  following  Gtentlemen  were  elected  Fellows  of  the 
Society : — 

Jakeb  Domaldboh,  LL.D. 
Jaubs  Ricbabdsoh,  Esq. 

The  following  Donations  to  the  Library  were  announced ; — 

TranBBCtions  of  the  Linnean  Society  of  London.     Vol.  XXV. 

Part  3.     ilo.— -From  the  Socitlj/. 
List  of  the  Linnean  Society  of  Loudon  for  18GG.    8vo. — From  tks 
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Bepott  of  ProceediDgs  of  Intemational  Hoiticnltaral  Exfaibition 
and  Botanical  Oongrefls,  held  in  London  from  22d  to  Slat  Hay 
1866.     8vo.~-Fromthe  Acting  Committee. 

Madras  Journal  of  Literatnia  and  Science  for  October  1866.  8vo. 
— JVoBi  the  Society. 

Monday,  IBth  March  1867. 

Sir  DAVID  BEEWSTEB,  PreBident,  in  the  Ofaair. 

The  following  CommunicationB  were  read : — 

1.  On  the  Application  of  EektiTe,  or  Proportional,  Equality 
to  International  Organisation.    By  Professor  Lorimer. 

It  is  often  regarded  almost  as  a  matter  of  admisaion,  on  the  part 
of  the  onltiTators  of  social  and  political  philosophy,  that  their  sub- 
jects defy  Eoientific  treatment ;  and  that,  when  they  talk  of  tracing 
ont  laws  of  social  wellbeing  or  progress,  they  nse  words  which 
indicate,  at  moot,  a  very  faint  analogy  between  the  methods  which 
they  affect  to  follow,  and  those  really  employed  in  the  physical 
sciences.  The  reproach  to  which  they  are  exposed,  on  this  ground, 
would  never  have  arisen,  or  would  not  have  been  merited,  had  they 
habituated  themselves  and  others  to  regard  their  subject,  as  a 
science,  in  the  ordinary  sense  of  an  inquiry  Into  nature,  and  not  as  - 
a  series  of  random  observations,  in  which  the  contingent  and  the 
necessaiy,  the  permanent  and  the  accidental,  were  hopelessly  and 
inextricably  mixed  up.  Political  methodology,  viewed  as  a  branch 
of  applied  logic,  has  risen,  in  the  hands  of  some  of  its  recent  culti- 
vators, almost  to  the  dignity  of  a  separate  science.  By  eliminating 
impossible  schemes,  and  thus  circumscribing  the  sphere  of  political 
effort,  it  has  already  given  evidence  of  its  practical  valne.  Within 
the  state,  forms  of  government,  after  which  the  vulgar  still  aspire 
as  the  ideal  forms  of  society,  have  been  shown  by  its  means  to  be 
permanently  irreconcilable  with  order,  and  if  with  order,  then  with 
liberty,  which  is  possible  only  through  order,  and  so  ultimately 
with  civilisation  itself. 

Bnt  all  that  can  be  attempted  on  the  present  occasion,  is  to 
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p(»at  oat  two  principles,  the  tedUfttion  of  which  cui  be  shown  to 
be  impossible,  end  which  have,  neTertheless,  been  songht  to  be 
reKlised  in  oonjanotion  with  every  soheme  of  intemationel  orgsnisa- 
tion  which  has  yet  beeo  propounded.    These  principlee  ue  ^— 

1.  Fiwdity. — In  national  politics  this  principle  has  been  ex- 
hibited in  those  arbitrary,  and,  in  some  states,  impassable  lines 
between  classes,  which  science  has  long  ago  condemned,  and  which 
practical  men  are  everywhere  engagedin  oblitentiog.  In  schemes 
of  intematioDal  organisation,  it  bas  sought  to  manifest  itself  in 
the  establishment  of  final  and  permaaeDt  international  relatione, 
or  in  the  maiDtenance  of  what  is  techoically  called  a  «falui  yuo. 

2,  AhioltiU  equality  ofrigliU  and  Migationa, — In  iDteraal  politics 
this  principle  is  the  basie  of  the  form  of  government  called 
Democracy.  In  international  poJilios  it  has  exhibited  itself  in 
the  custom  of  assigning  eqnal  votes  to  all  the  members  of  the 
family  of  nations,  not  absolutely  excluded  from  the  European 
conuoit  board,  however  widely  they  might  differ  in  real  power  and 
importaooe. 

As  regsided  the  fint  of  these  principles,  the  absurdity  of  attempt- 
ing t«  stereotype  the  map  of  Europe  will  be  readily  admitted. 
With  ceference  to  the  seoond,  there  is  much  difference  of  opinion, 
both  as  to  the  possibility  and  the  justice  of  recogntBing,  or  de- 
oladng  absolnte  politicsl  equality,  whether  within  the  slate  or 
in  the  wider  commonwealth  of  nations.  Now  this  diversity  of 
opinion,  great  ne  it  is,  and  terrible  as  have  been,  and  may  yet 
be  its  effects,  is  traoeable  to  a  defeat  in  the  popular  mind,  on 
wbieb  Aristotle,  with  his  nnul  parapicacity,  pot  bis  finger  mora 
than  two  tlionsond  years  ago.  "  The  vulgar,"  be  says,  "  do  not 
distingaJBh,"  and  in  modem  Europe,  for  nearly  a  century,  they 
have  lost  sight  of  a  distinction  which  Aristotle  did  them  the  farther 
favour  to  point  out. 

The  distinction  is  that  betveen  oicolute  and  rdative  or  proper- 
titMal  equality. 

The  two  ore,  in  truHi,  oeithec  more  nor  less  than  tvro  different 
manifestations  of  the  principle  of  justice.  They  differ  not  in  ^em- 
selvee,  but  in  the  manner  of  their  application,  and  in  the  eabjeot 
matter  with  which  they  deal.  Following,  and  giving  definiteness, 
as  usual,  to  Plato's  conoeption  of  what,  in  its  origin,  was  probably 
the  teaching  of  Boorotes,  Aristotle  gave  to  thsse  two  fonasof  applied 
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justice  the  names  of  diofthotic  and  dtatunulie  yudie*  (S^muc 
JHopAirtiRw  and  Stmim  hlatttajrutov'),  namea  which  thi  sohoolmeD 
and  jarista  Tendered  byjWwi'a  eomctiwt  or  coBitntUiUiva,  utA  jtu- 
fieia  dutributiva.  The  object  of  diortholio  ot  ooTTective  jaBtice 
Aristotle  explained  to  be,  to  give  to  each  a  perfecUy  fair,  nn- 
biaaaed,  and,  in  that  Benae,  equal  oppmtnnity  of  vindicating  what- 
erer  might  be  due  to  him,  whether  the  amonnt  waa  greater  ot 
amaller  than  that  which  was  due  to  hianeighbour.  Thta  waa  what 
ws  call  equality  before  the  law ;  and  jnattoe  demanded  that  eqnality, 
in  thia  sense,  should  be  ahsdute.  There  was  to  be  n»  distinction 
whatever  of  rich  or  poor,  wise  or  foolish,  male  or  female,  old  or 
young.  The  object  of  dianemetio  justice,  on  the  other  hand,  was  to 
asceTtain  hom  much  was  due  to  each,  and  to  rank  them  accordingly. 
Hero  was  still  equality,  petfact  equality,  bat  equality  which  waa  no 
longer  tAtotuU,  but  rtlaiive.  It  was  proportiorud  to  the  facts  which 
the  claimants  respectively  established  with  rererenoe  to  the  mattor 
in  dispute.  So  far  all  is  clear.  There  can  be  no  doubt  that  thia 
was  what  Aristotle  meant,  and  as  little  doubt  that  he  waa  right. 
As  to  the  application  of  the  doctrine  there  is  great  coofusioa  in 
the  toxt,  and  even  Sir  AJezander  Grwt  has  not  made  mnch  of  it. 
What  it  seems  to  indicato  is,  that  diorthotio  joatioe,  or  absolute 
equality,  is  applicable  to  private — and  dianemetio  justice,  or  relative 
equality,  to  public  questions,  and  both  eadunvtlj/.  But  this  conld 
scarcely  have  been  Aristotle's  meaning.  Both  principles  come  into 
play  in  every  department  of  jurisprudence,  and  are  called  into 
action  in  the  decision  of  every  case,  from  the  most  insignificant 
question  of  private  right  to  the  most  momentous  questions  of 
national  or  international  policy.  And  the  method  of  their  action 
ia  this :  The  first  prinotple — abeolnto  eqnality^-govama  the  con- 
duct  of  the  suit,  or  of  the  inveatigation,  wbatover  form  it  may 
take,  whether  it  be  conducted  for  judicial,  legislative,  or  social  pui- 
poaes.  The  second,  relative  equality,  governs  the  decision  of  the 
cause,  whether  that  decision  be  pronounced  in  a  small-debt  court, 
in  a  national  legislature,  in  a  congress  of  nations,  or  in  a  club  of 
gossips.  As  an  illustration  of  the  mutual  action  of  these  principles 
in  private  law,  take  the  familiar  case  of  the  distribution  of  a  bank- 
rupt estate.  One  man  has  invested  L.6  in  the  concern,  aitd  another 
Ii.SO.  Ai  iuiU>n,  the  law  puts  them  on  a  footing  of  aholuU  equality. 
No  preference  is  given  to  Jew  or  to  Gentile,  to  noblo  or  to  simple, 
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to  white  ekin  or  to  bUok  eldn.  So  f&r  thej  &re  dealt  with  diorthoti- 
cally.  Bat  then  the  dianemetio,  or  diBtribatire  principle,  comes 
into  play ; — and  suppoae  the  estate  to  yield  a  Bhilling  in  the  pound, 
one  man  gets  five  shillings,  and  the  other  gets  fifty.  The  diUr^m- 
tion  has  reference  to  the  objtcit  of  the  suit,  not  to  the  suiton,  and 
is  wholly  dianemetio.  But  so  far  is  the  dianemetio  principle  from 
acting  alone,  that  it  is  in  rirtue  of  the  diortbotic  piinciple  that  it 
assigns  fifty  to  a  man  who  may  possibly  be  a  millionaiia  and  a 
fiooondrel,  and  five  shillings  to  a  man  who  may  be  a  pauper  and  a 
saint  I  And  just  in  the  same  way  the  presence  of  bath  principles  is 
indispensable  to  the  decision  of  questions  of  a  public  nature. 
There,  too,  justice  demands  that  the  dianemetio  principle  shall  act 
diorthotically,  and  the  diortbotic  principle  dianemetically.  Suppose 
that  the  suffrage  is  claimed  by  a  particular  class  of  peraons  wfaoee 
right  t«  it  has  hitherto  been  ignored  or  denied.  What  justice  en- 
titles them  to  ask  the  State  to  do  is,  not  to  create  ntw  righto  in  their 
fa70ur,  but  to  recognise  rights  which  they  allege  exist  is  their 
persons  already.  Here,  too,  they  claim  equality  before  the  law — 
they  demand  a  fair  (i.e.,  a  diorthotic)  hearing.  But  their  plea  is 
that  they  are  entitled  to  the  snffri^  oh  some  ground,  as  they  call 
it, — property,  education,  a  hearth  and  a  chimney,  perhaps  a  fire,  if 
they  have  it,  or  simple  hnmanity.  Whatever  the  ground  may  be, 
tbey  demand  that  it  should  be  diorthotically  inquired  into.  Bnt 
they  do  not  dispute,  except  by  mistake,  that  it  must  be  dianemeti- 
cally  recognised.  Even  if  they  ask  the  State  to  proceed  on  the 
oMumpfion  that  they  ail  possess  the  ground  of  recognition  equally, 
they  do  not  ask  the  State  to  make  it  equal  to  them  all;  in  other 
words,  they  do  not  ask  it  to  give  them  meant  to  teach  them,  or  to 
make  tbem  human  beings,  for  that  would  be  to  ask  not  recognition, 
not  equality  before  the  law,  but  levolution,  or  the  abolition  of  the 
law.  It  was  Sousseau's  doctrine  that  all  men  ougM  to  be  eqn^, 
and  not  Hobbee's  doctrine  that  all  men  an  equal,  and  ought,  con- 
sequently, to  be  reco^wei  as  such,  which  brought  about  the  revolu- 
tions  of  last  century,  and  which  threaten  us  still. 

Keeping  this  distinotion  in  view,  then,  it  is  obvions  that,  if 
justice  is  to  be  done  between  nations,  there  must,  as  in  all  other 
oases  in  which  it  is  called  into  play,  be  proportion  between  the 
claimant  and  the  thing  granted  to  him  [Sa  mu  &  Sk),  in  order  that 
those  who  are  unequal  may  not  have  equal  things  (jaf  Jcroi  o&c  jiro 
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Ifo  inn)  01  the  raTerse.  But  since  the  Peace  of  Weetphalta,  &nd 
more  eepeciKllj  since  the  Amerioan  and  Frenob  revoluttons,  the 
tendency  in  international,  as  in  national  poUtica,  has  heen  t«  ignore 
the  proportion  al  or  dianetnetic  ptinciple  altogether,  to  give  exclosiTe 
■way  to  the  diorthotio  principle,  and  to  deal  with  all  states  either 
M  internationally  ^qual,  or  else  as  internationally  non-existent. 

As  regards  the  future,  then,  the  qneatioD,  on  which  the  pessibility 
or  impossibility  of  international  organisation  seems  to  turn  is  this, — 
Can  we  shadow  forth  a  European  or  oosmopglitan  constitution,  self- 
sustaining  and  self-vindicating,  which  shall  make  proyision  for 
legitimate  progress  and  righteous  doTclopment,  and  for  inevitable 
retrogresaion,  whilst  it  takes  cognizance  of  existing  diversities  of 
power?  To  anything  approaching  to  a  confederation,  in  the  stricter 
sense  of  a  single  composite  state,  there  is,  I  think,  the  objection 
which  exists  to  all  confederations,  and  of  which  we  have  just  seen 
the  oousequences  so  terribly  exhibited,  first  in  America  and  then  in 
Germany.  In  a  confederation  there  are  always  two  forces  at  work, 
—a  centrifngal  force  and  a  centripetal  force :  the  tendency  of  the 
first  of  which  is  to  pidl  it  to  pieces,  and  the  tendency  of  the  second 
of  which  is  to  centralise  it  till  it  becomes  a  bomogeneODS  State,  A 
perfect  and  permanent  balance  between  these  forces  I  believe  to  be 
a  practical  impossibility;  and  for  this  reason  1  regard  all  confedera- 
tions as  transitional  forms  of  government.  I  concur,  therefore,  in  the 
latest  opinion  of  Eant,  whose  great  mind  was  much  occupied  with 
this  great  subject  before  it  experienced  the  eclipse  which  darkened 
his  last  daya~-an  opinion  in  which  he  was  partially  anticipated  by 
Orotins — to  the  effect  that  it  is  to  the  creation,  not  of  a  confedera- 
tiOD,  but  of  a  Permanent  Congress  of  Nations,  or  International  Par- 
liament, that  we  must  direct  our  endeavours.  Such  a  Congress,  I 
think,  wonld  obviate  the  errors  I  have  indicated,  and  might  possibly 
wtisfy  the  great  desideratum  of  a  self-vindicating  international 
legislature,  if  it  were  constituted  in  accordance  with  something 
approaching  the  following  scheme ; — l»t,  That  its  meetings  should 
be  annual,  taking  place  in  the  anttimn,  between  the  sessions  of  the 
various  national  assemblies ;  and  that  the  places  of  meeting  should 
be  Belgium  and  Switzerland  alternately,  or  perhaps  one  of  the  Swiss 
Cantons — say  Geneva — set  apart  as  neutral  European  ground.  2d, 
That  each  State  should  be  represented  by  two  depntiea,  both  of 
whom  should  be  present  at  tb«  meetings  of  the  Congrass,  but  one 
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of  whom  otAj  shoald  be  entitled  to  speak  and  to  vote.  Sd,  l^at 
each  State  be  entitled  to  vote  in  proportion  to  itg  real  power  and 
importance, /or  Ote  titnt  being,  4th,  That  in  order  to  fix  this  pro- 
portion, it  be  the  firtt  bnBineBu  of  each  CongreBS  to  aflcertain  the 
relative  importance  of  each  State  on  the  baaie, — (a)  of  popnlation ; 
(b)  of  exports  and  imports ;  (e)  of  &ee  TeTenne.  5ih,  That  each 
State  be  entitled  to  propose  and  push  to  a  vote  any  question  of  in- 
ternational politics  in  which  it  might  be  iotereetsd.  6ih,  That  each 
State  be  bound  to  supply  a  contingent  of  men,  or  money,  propot- 
tioned  to  the  number  of  votes  assigned  to  it,  for  the  pnrpose  of  en- 
forcing the  decrees  of  the  Congress,  bg  amu  ifnetxtiary.  7th,  That 
the  representa tires  of  any  State  which  shonld  make  war  without  the 
sanction  of  the  Congress  be  excluded  from  its  next  meeting;  and 
that  the  conduct  of  such  State  be  judged  of  in  their  absence,  on  a 
written  statement  and  oral  hearing  of  counsel,  by  the  representa- 
tives of  the  other  States.  8th,  That  all  purely  national  questions 
be  excluded  from  the  deliberations  of  the  Congress ;  but  that  the 
Oongrees  itself  should  determine  whether  any  question  broi^t 
before  it  were  or  were  not  of  this  kind.  9th,  That  civil  wars,  as 
opposed  to  rebellions,  be  within  the  jurisdiction  of  the  Congress ;  the 
Congress  itself  being  entitled  to  jni^  what  internal  commotions 
possess  the  character  of  civil  wars.  10th,  That  all  questions 
brought  by  individual  States  before  the  Congress  be  submitted  to  it 
by  the  representatives  of  such  States,— first  acripto,  and  then  viva 
twee.  11th,  Tbata  Judicial  Tribunal  be  constitated,  to  the  decision 
of  which  it  should  be  competent  for  the  Congress  to  remit  any  matter 
which  it  conceived  to  admit,  demand,  or  to  admit  of,  judicial  deter- 
mination. 12th,  That  a  final  appeal  should  lie  from  this  tribunal 
to  the  Congress  itself,  in  a  manner  analogous  to  that  in  which  the 
judgments  of  our  supreme  courts  may  be  carried  to  the  House  of 
Lords.  ISfA,  That  the  judges  of  this  court  be  appointed  by  the 
Congress,  each  State  voting  in  proportion  to  its  real  weight,  ascer- 
tained as  above.  lUk,  That  the  presidents,  both  of  the  Congress 
itself  and  of  the  judicial  tribunal,  be  appointed  or  re-elected  at 
each  meeting  of  the  Congress,  but  that  the  ordinaiy  judges  of  the 
tribunal  should  hold  their  offices  ad  mtem  out  etdpam.  15th,  That 
the  presidents  and  judges,  being  officers  of  the  CongresB,  be  paid  by 
the  Congress ;  bat  that  the  repreeentativea  receive  no  remuneration, 
except  such  as  should  be  granted  them  by  their  respective  States. 
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ISA,  That  the  expeiUM  of  the  CongieeB  be  defrayed  b;  en  inter- 
Dationel  tax,  to  be  fixed  by  the  Cougiesa ;  that  the  said  tax  be  propor- 
tioned to  the  Qomber  of  votes  enjoyed  for  the  previotiB  year  by  each 
State,  and  he  levied  by  the  several  States  on  their  own  inhabitants 
Uany  pioviaione  of  a  more  special  kind  Tould,  of  coniBe,  enggeat 
themeelveB  were  the  acfaeme  to  aBsame  a  practical  shape ;  but  the 
preceding  will  euEBoiently  indicate  ita  general  character.  A  body 
which  ahonM  take  cognisance  of  the  leal  power  and  importance  of 
ita  variouB  membera  would  have  a  very  much  better  chance  of  being 
accepted  in  liea  of  the  verdict  <d  battle  than  those  of  a  body  of 
which  all  the  members  Voted  equally.  The  ohaoces  wonld  then  be 
many  that  individual  States  would  gain  no  more  by  fighting  than 
by  voting ;  and  to  aaeame  that,  is  snob  circiimstanceB,  they  would 
in  general  prefer  to  vote,  ia  surely  to  credit  them  with  no  very 
wonderful  measure  either  of  humanity  or  of  wisdom. 

2.  On  the  Sophists  of  the  Fifth  Century,  B.c.  By 
Professor  Blackie. 
The  object  of  this  paper  was  to  controvert  the  views  of  Mr  Grote 
as  stated  in  his  bJetoTy  of  Greece  and  in  bis  work  on  Plato.  Fro- 
fesBor  Blackie,  while  admitting  that  the  Sophists  might  have  been 
•omewfaat  hardly  dealt  with  by  certain  extreme  writeta  in  modem 
times,  and  recognising  gladly  the  view  stated  by  If  einers  and  Hegel 
that  their  teaching  was  an  important  and  necessary  step  in  the 
intellectual  development  of  Greece,  nevertheless  maintained  that 
the  current  character  of  the  Sophiats,  aa  handed  down  to  us  from 
ancient  times,  waa  in  the  main  correct;  and  that  all  that  could  be 
said  in  defenm  of  their  teaching  amonoted  to  no  more  than  a  slight 
palliation  of  the  charges  brought  agaiDst  them  by  Flato  and  Aristo- 
pbanes,  not  to  an  acqnittal.  The  portrait  of  the  Sophists  left  us 
by  these  two  great  writers  was  Bubstantially  correct ;  and,  if  any 
man  considered  their  testimony  unworthy  of  credit,  it  was  amply 
confirmed  in  all  points  by  Aristotle,  and  Xraopbon,  and  iBocratea  in 
panageB  of  their  works,  which  had  been  ably  analysed  by  Hr  Cope 
of  Trini^  College,  Cambridge,  bat  which  If  r  Grote  had  either  over- 
looked altogether,  or  looked  at  with  eyea  of  prejudice  and  obliquity, 
FrofesBOT  Blackie  conoluded  bis  paperwith  the  following  five  points 
of  the  Sophistical  doctrine,  aa  he  gathered  it  from  Flato : — 
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1.  General  iDformatioii  and  alert  inteUigenoe  without  a  pbilo- 
Bophical  haeiB,  or  a  scientific  method  of  Terification.  2.  The  art 
of  pnblic  Bpeakiug,  consideied  merely  aa  an  inrtmment  of  maving 
masaes  of  ignorant  men  with  a  view  to  political  adTaacement,  and 
not  neceaaarily  connected  either  mth  noble  motives,  earnest  pnipoee, 
or  business  habits.  3.  The  exercise  of  a  dezterons  logic,  which 
umed  at  the  ingenious,  the  striking,  and  the  plausible,  rather 
than  the  true,  the  solid,  and  the  judicious.  4.  A  theory  of  meta- 
physios,  which,  by  oonfoundiug  knowledge  with  sensation,  and 
subordinating  the  general  to  the  particular,  made  wisdom  consbt 
rather  in  the  urgent  use  of  present  opportunity  than  in  the  moulding 
of  materials  according  to  an  intellectual  principle.  6.  A  theory  of 
morale,  which,  by  basing  right  on  couTention,  not  on  nature,  de- 
prived onr  sensual  and  animal  instincta  of  the  strong  control  of 
reason,  and  substituted  for  the  eternal  instinct  of  justice  in  the 
human  heart  the  arbitrary  enactments  of  positive  law,  whose  ulti- 
mate sanction  is  the  intelligent  selfisbnesB  of  the  individual, 

3.  An  Accoobt  of  some  peculiarlj-Bhaped  Mineial  Con- 
cretions fotind  near  Carlisle.  By  Henry  Barnee,  M.D. 
Communicated  by  Sir  David  Brewster. 
I  have  very  great  pleasure  in  presenting  to  the  Society's  museum 
a  few  vary  peculiarly-shaped  stones  or  mineral  concretions  found 
near  Carlisle,  similar  in  external  characters  to  those  fairy  stones 
found  in  Elwand  Water,  near  Uelrose,  and  dracribed  at  a  meeting 
of  this  Society,  held  5th  February  1866,  by  Sir  D.  Brewster.  These 
atones  or  nodules  were  found  about  twenty  years  ago  embedded  in 
marl  in  a  deep  cutting  at  Wreay,  five  miles  south  of  Carlisle,  during 
the  formation  of  the  Lancaster  and  Carlisle  Hallway.  They  were 
found  in  great  numbers  by  the  workmen,  but  only  in  this  particular 
cutting,  and  excited  a  great  deal  of  curiosity  at  the  time,  but  were 
soon  laid  aside  and  forgotten ;  and  it  was  not  nntil  the  account  of 
those  fairy  stones  described  by  Sir  D.  Brewster  appeared,  that  my 
esteemed  relative,  Dr  T.  Barnes,  F.B.S.E.,  remembered  that  he  had 
them  in  his  possession,  and  asked  me  to  present  them  to  the  Society. 
They  are  all  of  a  light  colour,  presenting  a  smooth  surface,  and 
inodorous  when  dry.  When  breathed  upon  they  emit  an  argil- 
laceoiu  odour.    They  vary  in  weight  from  two  to  seven  oudcw. 
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Table  of  Weights. 
6  Dz.  6  drs.  3  oz. 

6  oz.  3  dra.  2  oz.  2  dro. 

3  oz.  3  dra.  1  oz.  7  dre. 

On  section  they  are  Been  to  be  perfectly  homogeneoue,  presenting 
the  same  uniform  structure  throughoi 
on  the  external  surface  are  produced  1 
ing  on  the  surface  of  the  stone.  The 
same  way  as  the  fairy  stones,  viz.,  b; 
taining  the  matter  of  which  they  art 
great  age,  as  the  cutting  in  which  tl 
hundred  yards  from  the  bed  of  a  ri' 
geological  characters  of  this  part  of 
occurred.    It  is  situated  on  the  New  1 

and  Newbiggin  gypsum  is  found  lying  in  red  argillaceous  marl 
between  two  strata  of  sandstone,  and  at  Wreay  is  the  commencentent 
of  the  wbinstoue  dyke  which  extends  from  that  place  to  Benwick. 
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then  add  to  it  the  aum  of  the  others :  and  we  have 
V-(«-l)  «,  ,  a,.        ...       . 


The  Degative  eigns  may  be  removed  and  compensated  for  by  the 
factor  (  —  1)"^'  placed  outside  the  Determinant,  and  the  first  row 
may  be  made  the  last  by  multiplying  again  by  (  — 1)"~*,  which 
counteracts  the  former  multiplication.    Hence 
V  =  Cn-l) 

Q.  E.  D. 


When  »s8,  this  is  the  qnatemion  theorem  in  question. 

The  Kcmd  fonnnla  is  the  well-known  property  of  the  reciprocal, 
and  a  simple  proof  of  it  will  be  given  below. 

The  third  and  fottrth  are  immediate  translations  of  Quaternion 
expressions  Into  Determinant  forms.  And  I  suppose  there  is  no 
analytical  difficulty  in  enlarging  the  number  of  Sir  William  B. 
Hamilton's  symbols,  i,  j,  k  (though  it  would  introduce  the  concep- 
tion of  ideal  «pace  of  more  dimensions  than  three),  and  thus  ex* 
tending  the  reach  of  the  "  Quaternion  path"  to  Determinanta  of 
any  order. 

The  J^  formula,  in  its  algebraical  expression,  would  be 


y  « 

+ 

yi*. 

yi«. 

y,'. 

s.>. 

+ 

y.«. 

y.". 

y  « 

y>>* 

+ 

y  • 

»  • 

y.«. 
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Nov,  using  capitals  for  minors  we  have,  by  the  first  property, 

X,  +  X     Y,  +  Y      Z,  +  Z[ 

X  +  X,    Y   +  Y,    Z   +  Z, 

X, +  X,    Y, +  Y,    Z   +Z,  I 

-  2     X    T 


X,  Y,  Z, 
^1  ^1  z. 


«.  ». 


Q.  E.  D. 


This,  ot  coune,  may  be  geneialised  like  the  Jint  formula ;  and 
the  result  is 


A,. 

+  *, 

,+  *, 

,+ 

+  ^..- 

,  4e,  fa. 

A,  , 

+  A, 

.+  ^ 

,+ 

+  ^,.- 

,  fa,  fa. 

A,  J 

+  ■'1 

.+  •», 

,+ 

+  A,  , 

,  fa.,  fa 

A,  , 

-1+  \ 

.+  ■»! 

,+ 

+  *!,.-. 

,  fa.,  fa. 

-(»-l) 


The  mfA  formula  ib  got  bj  a  reduplication  of  tie  proof  of  the 
jf/tA,whetheT  tlie  method  used  be  Quaternion  or  Determinant. 


As  to  the  ri 
Let 


iiprocal,  the  following  Eeems  quite  elementary  :- 


Mnltiplj  the  first  row  by  a:,,  the  second  by  x,  the  third  by  o^;  add 
all  the  rows  for  a  new  first  row ;  divide  the  second  row  by  a:,  and 
the  third  by  x,. 
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But  it  is  at  ODce  seen  that 

I?,  lb 


*,  y.  ' 


The  following  (JentlemaQ  was  elected  a  Fellow  of  the 
Society  :— 

Jahu  H.  B.  Hallbn,  Esq. 

The  following  Douations  to  the  Library  were  aDnotinced : — 

TranBactiona  of  tbe  Highland  aod  Agricultural  Society  of  Scotland. 

Vol.  I.    No.  2.    Aberdeen,  1867.    8to.— ^twn  the  Soeieiy. 
Transactions  of  the  Hoyal  Society  of  Literature,  London.  Vol.  VIII. 

Part  3.     8vo.— J'rom  the  Society. 
Journal  of  the  Scottish  Ueteorological  Society  for  January  1867. 

Edinburgh,     8vo. — From  the  Societif. 
Journal  of  the  Chemical  Society  of  London  for  March  1867.     8vo. 

— From  Ike  Soeitty. 
Proceedings  of  tbe  Meteorological  Society  of  London.    Vol.  III. 

No.  27.     8vo.— JVoTO  the  Society. 
Proceedings  of  tbe  Royal  Horticultural  Society  of  London.  Vol  I. 

New  Series,  No.  7.     8vo. — From  the  Society. 
Monthly  Notices  of  the   Boyal   Astronomical   Society,  London. 

Vol.  XXVII.    No.  i.    8vo.— /Vom  the  Society. 
Froceedinge  of  the  Royal  Geographical  Society,  London.   Vol.  XI. 

No.  1.    8vo. — From  the  Society. 
Proceedings  of  the  Royal  Society,  London.    Vol,  XV.    No.  90, 

8yo,— ^rom  the  Society. 
Proceedings  of  the  Boyal  Medical  and  Chimrgical  Society  of  Lon- 
don.    Vol.  V.     No.  6.     8to.— JVom  the  Society. 
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Konthly  Betum  of  Births,  Deaths,  BDd  Marriages  Begistered  in  the 

eight  Principal  TowDS  of  Scotland,  January  1867.    8vo. — 

FTom  the  Segitlrar-Oerteral. 
Qaarteily  Return  of  Births,  Deaths,  and  Marriages  Registered  id 

the  Divisions,  Counties,  and  Districts  of  Scotland.    Ho.  i8. 

8to, — From  the  Segittrar-Oeneral. 
American  Journal  of  Science  and  Arts.    Second  Series.    No.  127. 

New  Haven,  1867.     8vo.— JVom  the  Editon. 
Notes  on  the  Great  Ganges  Canal.     By  T.  Login,  Esq.,  C.E. 

Boorkee,  1867.     8to.— JVtuw  the  Author. 
Roads,  Railways,  and  Canals  for  India.     By  T.  Login,  Esq.,  G-E. 

Roorkee,  1866.     8vo.— /"rom  the  AtUhor. 
Historical  Sketch  and  Laws  of  the  Royal  College  of  Physicians  of 

Edinburgh,  from  its  Inctilution  to  December  1665.    Edin- 

bnrgh,  1867.     ito.—From  the  College. 
Bulletin  de  I'Acad^mie  Royals  dee  Sciences,  des  Letlres  et  des 

Beaux-Arts  de  Belgique.    Tome  XXIII.     No.  2.    Bnixelles, 

1867.    8vo.— From  the  Academy. 
Monatsbericht  der  Etiuiglicb  Preussischen  Akad^mie  der  Wissens- 

chaften  zu  Beriin,  November  1866.     Berlin,  1867.    8to.— 

From  the  Academy. 
Sreriges  Geologieka  Undersokning,  pa  offentlig  bekostnad  utford 

under  ledning  af  A.   Erdmann.    Liv.  17-21  (with  maps), 

Stockholm,  IS&G.—Fromthe  Geological  Commiuion  of  Sweden. 
Nova  Acta  Eegiie  Societatis  Scientiarum  Upsalieusis.    Vol.   VI. 

Fascs.  1.     Upsala,  1866.     iia.—From  the  Society. 


Monday,  Ut  April  1867. 
Sia  DAVID  BEEWSTEE,  President,  iu  the  Chair. 
The  following  CommutiicatioiiB  were  read : — 

1.  On  the  Analysis  of  Compound  Ethers.    By  W.  Dittmar. 

In  many  cases  the  best  guarantee  of  the  purity  of  a  chemical 

substance  is  the  method  by  which  it  has  been  prepared.    If  the 

processes  are  well  devised  and  carefully  conducted,  they  constitute 
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in  themselves  a  qualitative  analysis  od  a  large  scale,  the  exactitude 
and  reliability  of  which  go  far  beyond  what  could  be  obtained  by 
ordinary  testing.  This,  however,  does  not  apply  to  many  organic 
preparations,  and  is  eminently  inapplicable  in  the  case  of  com- 
poand  ethers.  If  in  the  preparation  or  such  an  ether,  we  start 
vith  a  pure  alcohol  and  a  pure  acid,  and  carefully  distil,  wash,  and 
redistil  the  ether  produced,  the  product  ultimately  obtained  ma; 
contain  coneiderable  quantities  of  alcohol,  free  acid,  and  water. 
The  purity  of  a  compound  ether  can  be  eetabltshed  only  by  direct 
experiment.  Free  acid  is  easily  tested  for,  and  even  quantitatively 
determined  by  the  well-known  acidimetric  processes;  the  presence 
or  absence  of  water  may  be  proved  by  an  elementary  analysis,  but 
an  admixture  of  alcohol  is  not  easily  established.  An  elementary 
analysis  would,  in  a  majority  of  cases,  show  very  littie,  because  the 
difference  between  the  percentages  of  carbon  in  the  etiier  and  al- 
cohol respectively,  is  usually  too  small  to  ndinit  of  basing  upon  a 
imaJl  fraction  of  that  difference  anything  like  an  exact  calculation. 
Thus,  for  instance,  acetate  of  ethyl  contains  54:'54  per  cent,  of 
carbon,  and  alcohol  62'18  7o— the  difference  is  2-36;  a  decrease  of 
01  %  in  the  carbon  would  therefore  correspond  to  an  admixture  of 
about  4  per  cent,  of  alcohol. 

Many  years  e^  F.  Uohr  proposed  a  method  for  quantitatively 
testing  the  officinal  "  tether  aceticus,"  which  consisted  in  heating 
the  ether  in  a  closed  vessel,  with  an  excess  of  standard  alkali,  and 
determining  the  amount  of  alkali  saturated.  The  method  was  in 
1863  extended  and  improved  upon  by  Berthelot,  who  seems  to  have 
employed  it  extensively  in  bis  researches.  The  standard  alkali 
used  by  Berthelot  was  caustic  baryta,  which  he  heated  with  the 
ether  under  examination  in  a  glass  tube.  On  attempting  some 
time  ago  to  employ  fierlhelot's  method  for  testing,  what  I  had 
good  reason  to  look  upon  as  vet'y  pure  fonniate  of  ethyl,  I  was  sur- 
prised by  obtaining  perfectly  inexplicable  results;  and  on  subject- 
ing his  process  to  a  critical  examination,  I  found  that  the  discre- 
pancies in  my  results  arose  from  the  action  of  the  baryta  solution  on 
glass.  When  baryta  water  was  heated  to  120°  C.  in  sealed-up  tubes, 
and  kept  at  that  temperature  for  about  twenty-four  hours,  the  glass 
was  found  to  be  strongly  attacked,  and  the  litre  of  the  baryta  solu- 
tion considerably  altered.    How  Berthelot  managed  to  obtain  exact 
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resulta  is  more  than  I  can  ezplaia.  Seeing  that  baryta  was  not  a . 
reliable  reagent  for  the  titration  of  ethera,  I  tried  a  solution  of  car- 
bonate of  Bodium,  hoping  that  it  would  not  f^preciably  act  on  hard 
glasH,  bat  without  success. 

A  solution  of  the  carbonate,  when  heated  in  a  sealed-np  tube,  took 
up  enoDgb  of  alkali  from  the  glass  for  its  titre  being  increased  byabout 
^th.  At  last  I  found  that,  of  all  the  available  alkaline  solutions, 
caustic  ammonia  was  the  only  one  which  could  be  safely  heated  in 
sealed-up  glass  tubes.  In  order  to  see  now  if  ammonia  also  was 
capable  of  completely  decomposing  compound  ethers,  a  series  of 
'  experiments  was  instituted,  in  which  measured  quantities  of  stoa- 
dard  ammonia  (containing  about  17  grms.  NH,  per  litre)  were 
heated  with  acid  acetate  of  ethyl,  containing  a  known  quantity  of 
acetic  acid.  Such  mixtures  were  procured  by  heating  to  130° — 
140^  C.  &c.,  in  sealed-up  tubes,  weighed  quantities  of  glacial  aoetio 
acid,  with  a  large  excess  of  alcohol,  a  direct  experiment  hering 
shown  that,  after  a  few  hours  heating,  60  7i>  °^  ^he  acid  em- 
ployed was  etherified.  The  amount  of  ammonia  saturated  by 
the  acid,  after  it  hod  passed  into  the  state  of  ether,  was  cum- 
pared  with  that  which  the  same  quantity  required  when  mixed 
directly  with  the  alkali.  Of  the  results  obtained  in  this  manner 
some  came  surprisingly  near  the  troth,  others  differed  by  a  per 
cent.,  and  some  even  more ;  this  I  can  only  explain  by  the  fact 
well  known  to  chemists  who  are  familiar  witli  titrimetric  analjisis, 
that  in  the  saturation  of  a  weak  acid  with  ammonia  the  point  of 
neutrality  is  not  by  any  means  well  marked.  It  may  be,  also,  that 
in  some  cases  the  ethers  had  not  been  completely  decomposed. 
Although  the  conditions  under  which  this  method  would  be  sure 
to  give  exact  results  might,  perhaps,  be  established  by  an  extended 
investigation,  I  preferred  to  go  back  to  using  baryta-water,  as  re- 
commended by  Berthelot,  substituting  only  for  the  sealed  glass 
tubes  a  copper  digester,  soldered  with  sterling  silver,  and  provided 
with  a  conical  copper  stopper,  which  could  be  securely  fastened  by 
means  of  a  screw.  The  stopper  kept  perfectly  tight,  even  under  a 
pressure  of  two  atmospheres,  as  was  shown  by  charging  the  diges- 
tor  with  water,  weighing  the  arrangement,  keeping  it  at  120°  C.  for 
about  four  hours,  and  weighing  again.  There  was  not  any  loss  of 
weight  observable  by  a  balance  turning  with  two  centigrammea. 
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Tb0  liqvid  obtained  b3r  hetting  hi  tbe  digsMor  a  mutarB  of 
acetate  of  etliyl  and  an  exoeM  of  luRTta-water,  did  not  oontam  any 
appreciable  trace  of  copper.  After  theM  facts  had  been  eitablidbed, 
»  nnaiber  of  experimente  were  made  similar  to  those  cnried  oat  fot 
leatiag  tbe  atsaionia  method.  Tbo  amoant  of  baryta  taken  np  by 
a  welf^cpd  qnantity  of  partially  latherifled  oeetio  acid  was  found  to 
bd  about  ^th  to  ji^ib  leaB  that  vbat  the  same  qnarrtity  of  aoid 
would  hare  saturated  when  direotly  mixed  wltb  the  standard  alkali. 
Ibis  nmt  be  look«d  upon  «b  a  pretty  satisfaototy  approximatioa  if> 
ezperimenta  of  tbie  kind.  Tbe  method  woatd,  no  donbt,  givB 
mncb  ni(»e  exact  resnltB  if  the  excess  of  baryta  ww  not  titrated 
directly,  bst  fliipt  precipitated  by  carttonie  acid,  and  then  alkali' 
mtrically  determined.  The  OD^ecidednesB  of  the  eBd>rsactioD 
obssrf  ed  in  titoatiog  a  weak  orgputio  acid  with  on  alksdi  wtrald  tbiM 
b«  completely  eliminated.  I  am  now  oecapied  with  «xpier1iifeiits 
is  this  diiectiMk. 

It  was  only  i^ter  the  gnater  part  of  the  facta  oommonicated  in 
this  notica  bad  bera  established  tfaaf  1  flnt  saw  Mr  Waaklyn's  paper 
"  On  tbe  Titration  of  £then"  in  tbe  Cbemieal  Society's  Journal. 
Hr  Wanklyn  nses  alcoholic  potash  for  desomposing  the  etbei^  and 
obtains  very^  satisractory  lesafts.  Bat  he  extended  his  experiments 
to  saeb-  snbManees  only  which  can  be  eafdy  heated  in  an  open 
flask,  asd  which  are  easily  decomposed  by  a  rirart  dig;«8t)on  vHh 
alcoht^  potaah.  When  atcoht^o  potadi  is  heated  to  100^  G.  in 
■salad  glass  tidns  fw  about  twenty-fmr  hours,  the  glass  is  so  stMngl^ 
attacked  tbat  there  is  a  regular  layer  of  silica  formed. 

I  eaonot  conelade  witbeul  acknowledging  the  great  assatance 
which  my  biend  Ur  Cranston  gUTc  me  is  carrying  oat  my  eiperi' 
menta. 

2.  On  a  DeriTatire  of  Mecoliic  Acid.    By  Messrs  James 
Dewar  and  Williani  Dittmar. 

The  meconic  acid  group  of  substances  has  ahvays  been  regarded 
atf  pecnliairly  interesting.  Situstedy  as  it  is,  on  the  ill-defined  liukta 
of  tbe  fatty  and  aromatic  ocnupoundsr  and  exhibiting  intereating 
istMoerie  ralatians  with  other  organic  substances,  the  rtfuctnre  and 
deiiTattres  of  thas  wfacde  gronp  afford  ample  scope  fos  thMietidat 
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Bpecnlation.  Heoonio  acid  has  Blwaya  been  consid«red  k  tribnrio 
ftcid,  which,  hj  the  Bncceasive  eliminatioit  of  two  molecuW  of  car- 
bonic aDbydride,  yields  first  a  dibasic  and  then  a  monobuic  acid. 
But  ohemists  now  know  that  the  baeioit;  of  an  acid  maj  be  leaa 
than  Its  atomicity,  and  that  eTon  the  former  cannot  be  deduced 
firom  the  composition  of  one  or  two  isolated  salts,  bat  only  from 
a  oomprebensiTe  view  of  all  the  salts  and  ethen  of  the  acid.  Am 
now  a  general  leview  of  the  salts  and  ethers  of  meconic  acid  seems 
to  point  to  an  acid  with  an  atomicity  gteater  than  its  basicity,  and 
as  any  additional  proof  of  this  constitution  would  help  to  explain 
many  abnormal  decompositions  in  the  series,  the  anthota  have  in- 
vestigated the  action  of  the  general  reagents  on  these  compounds 
that  enable  na  to  distinguish  between  the  basic  and  alcoholio 
hydroxyls.  In  this  paper  we  communicate  to  the  Society  some  of 
the  reanlta  obtained  in  the  oourse  of  our  experiments,  aa  a  recent 
paper,  by  Baron  von  Crofft,  on  the  action  of  nascent  hydn^n  on 
the  members  of  this  gronp,  shows  that  other  chemists  are  working  in 
the  same  direction.  The  introdnctioB  of  bydriodio  acid  and  penta- 
chloride  of  phoBphoms  as  general  reagents  in  oi^anio  chemistry 
has  been  productive  of  the  happiest  results,  through  the  easy 
separation  of  the  water  residue,  BO.  By  their  use  we  have  oh- 
tuned  a  very  complete  knowledge  of  the  relation  of  acids,  alcohols, 
and  hydrocarbonH,  and  we  now  await  the  discovery  of  some  reagent 
that  will  separate  the  ammonia  residues  with  as  great  ease,  to 
obtain  a  more  precise  knowledge  of  the  structure  of  the  otganio 
alkaloids, 

When  meoonic  acid  is  treated  with  hydnodio  acid  of  constant 
boiling  point  at  160°  C,  carbonic  anhydride  is  evolved,  and  la^;e 
quantities  of  free  iodine  liberated.  No  definite  compound  conid  be 
separated  from  the  products  of  this  decompoaition.  As  the  fiist 
action  of  the  hydriodic  acid  was  to  form  comenic  acid,  and  as  many 
actions  succeed  with  concentrated  hydriodic  acid  that  are  unman- 
ageable with  the  dilute,  we  attempted  the  reduction  by  the  action 
of  a  saturated  solution  of  bydriodio  acid  on  comenic  acid.  A» 
Berthelot  has  lately  shown  that  the  action  of  concentrated  hydriodic 
acid,  at  high  temperatures,  on  mono-  and  bi-hasio  acids  of  the  fatty 
series,  regenerates  the  hydrocarbon  from  which  they  were  derived, 
the  formation  of  a  hydrocarbon  in  this  reaction  was  not  impoasible. 
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Bat  the  effect  of  liydriodio  acid  on  this  giODp  is  totftll;  different 
from  its  action  on  the  fatty  series.  If  comenio  acid  and  concea- 
tnted  hydriodic  acid  are  heated  to  upwards  of  200°  C,  Urge  qnan- 
tities  of  free  iodine  separate  ont,  mixed  with  a  considerable  quantity 
of  free  carbon.  Hydriodic  acid,  therefore,  is  inapplicable  aa  a  re- 
ducing agent  on  these  compounds. 

Seeing  that  no  definite  compound  could  be  obtained  by  the 
^ency  of  hydriodic  acid,  the  action  of  pentachloride  of  phoflphoras 
did  not  look  very  promising.  Under  the  inflnence  of  this  reagent, 
however,  the  acid  sustained  a  perfectly  regular  decomposititHi,  and 
did  not  break  up  in  the  way  one  would  have  anticipated  from  ito 
general  instability  in  presence  of  powerful  reagents.  If  meconic 
acid  is  treated  with  three  molecules  of  pentachloride  of  pboephorus, 
hydrochloric  acid  ia  slowly  given  off  in  the  cold ;  and  if  the  retort 
containing  the  substance  be  heated  to  100°  C,  the  reaction  takes 
place  with  great  rapidity,  torrenta  of  hydrochloric  add  are  evolved, 
and  oxychloride  of  phosphoms  (.^01,0)  distilled  over.  In  order  to 
separate  the  oxychloride  of  pbospborus,  the  whole  was  heated  for 
some  hours  to  130°  C.  in  a  current  of  dry  carbonic  anhydride.  Ter- 
chloride  of  meconyl  remained  aa  an  intensely  red,  non-volatile,  semi- 
solid substance,  fuming  in  air,  and  deoomposible  by  water,  with  the 
formation  of  an  intensely  dark-brown  liqnid.  Several  o^anic 
analysee  of  ^is  substance  were  made,  but  as  it  was  found  impos- 
sible to  free  it  from  all  traces  of  ph<Mpbonu,  perfectly  agreeing 
resulte  could  not  be  obtained. 

™™-  C,HO,  a,  nqnlna 
Ourboii,                           .    -        .            .        81-S  82-9 

Hydrogen,         ....  0-7  0-4 

CUorine,  .       44-G  41-6 

As  analysis  did  not  give  a  satisfactory  proof  of  the  carbon  group 
remaining  entire  in  this  reaction,  a  direct  experiment  was  made 
with  the  view  of  estimating  the.  amount  of  carbonic  anhydride 
evolved.  For  this  purpose  a  special  apparatus  was  devised,  by 
means  of  which  tbe  amount  of  any  permanent  gas  produced  during 
the  reaction  could  be  estimated.  To  effect  tlus,  the  retort  contain- 
ing the  substance  was  connected  with  a  tubulated  receiver,  to  con- 
dense the  oxychloride  of  phosphorus,  and  this  joined  to  a  small 
gasometer  containing  a  saturated  solution  of  chloride  of  aodium. 
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I>tmng  the  aotioD  we  did  not  oIwwto  m>7  gu  oolleettng  In  tiu 
reoMTer.  After  tb«  rmetioD  the  gsew  in  the  retort  eaA  eoDdemer 
vera  Bvspt  into  the  guometer  t^  ei  oarrent  of  drj  hydrogen.  An; 
hjdroohlorie  wid  gu  vu  immediaWy  aboorbad  hj  the  water,  «od 
the  reeidnel  guee  were  then  made  to  pees  throngb  a  eeriee  of  U 
tnbea  filled  with  soda-lime,  in  order  to  eetimate  the  oufoome  fcohy- 
drlde  b;  weight.  Only  a  trace  of  cwhoeio  asbydride  ooaU  be  de- 
teetedt  nothing  li]u  a  ntoleoale  wae  evolved. 

When  the  tarchloride  of  meoonyl  wm  treated  with  water,  hydio- 
oblorie  acid  was  prodvoed  with  ntiuh  fiotbing,  and  tbe  whole  dia- 
•olved  to  an  intensely  brown  liqnid.  When  thie  Actipn  io(/k  plaoe 
in  the  Apparatna  ftvmeriy  dasoribed,  lai^  qnaotitiee  of  cArhooio  An- 
hydride eould  eaeily  be  detected.  Uany  attampU  were  made  to 
prodooe  definite  Balta  oftheAoidfomedin  thU  reaction,  bat  vithovt 
meoeBC.  When  the  aoid  liqaid  wae  thrown  upon  a  dialyeer,  the 
wbele  of  the  bydrooUorio  acid  difi'iieed  ont ;  a  dark  1»owd  aolntioB 
of  the  Aoid  reqifuned.  This  Acid  aoltition,  when  boiled  with  etroiig 
nltiie  acid,  in  preeence  of  nitr»te  of  atlrer,  prodiieed  ohlcside  of 
ailver,  and  is,  tlierefore,  a  ohlfoinated  compound.  Althoagb  the  aeid 
ia  A  lower  derivAtive  of  meoonie  aoid,  the  preeeece  of  oUorine  ehow* 
that  the  three  atoms  of  chlorine  replacing  the  wAter-ieaidnee  are  not 
retMned  with  equal  degrees  of  force.  The  dark  brown  eolation 
wea  completely  deeoloorised  by  the  action  of  eodinm  amalgavi. 

Vrh9n  comenio  aoid  waa  treated  with  pentaohloride  of  phos- 
pboruB,  A  chloride  more  intrectable  thap  tbat  formerly  described 
was  obtained. 

As  i^rromecooic  aoid  contains  the  simplest  form  of  the  obarAo- 
teristio  nuclens  of  the  whole  group,  a  knowledge  of  the  etnictnre  of 
this  substance  would  throw  great  light  on  the  constitution  of  the 
meconic  acid  seriee.  If  a  careful  examination  be  made  of  the  gene- 
ral properties  of  pyiomeconic  Acid,  we  can  hardly  charaoterise  it  sg 
a  real  aoid.  No  doubt  salts  can  he  formed,  but  with  great  difficulty ; 
and  the  fact  cf  it  not  combiniog  with  the  alkalies  or  alcohol  radicals, 
shows  that  it  bears  a  great  analogy  to  pyrogallio  acid.  If  we  com- 
pare the  formuUe  of  pyromeconic  and  pyrogallio  acids,  tbey  would 
appear  to  be  members  of  a  homologous  series  ;  and  as  we  know  by 
synthesis  that  pyrogallio  acid  is  trihydroxyl-benzol,  the  pyroineoonio 
acid  may  be  looked  upon  as  bearing  the  same  relation  to  »  hydro- 
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carboD,  CfHu  below  beoEoL  Fnun  onr  geiienl  knowledge  «f  Hat 
claw  of  oompoimdt  we  noold  expeet  the  foniutian,  bf  tiie  action  of 
pentacblonde  of  plioaphonis,  of  a  chloride  of  a  hydtooarbon.  W* 
inveetigated  this  reaotion  on  tbe  small  qua&titr  of  pTtMoeooiuo  acid 
we  had  at  our  diBpoul,  When  pyicaneconio  aeid,  in  preseno*  of 
oxjehloride  of  phoiphonii,  wu  beatad  in  a  sealed  tnbe  to  200°  0. 
with  an  exoesB  of  peetacUoride  of  pboepboroa,  end  the  reenlt  of 
the  action  treated  with  water,  a  brown  oil  sepaiated  ont,  wbieh, 
when  distUIed,  yielded  a  colourless  oil  that  boiled  above  200°  0. 
This  sabetaooe  did  not  fame  in  the  air,  and  remained  in  water  with- 
ont  diesolnng  for  days.  The  analysis  gave  somewhat  aoomalons 
resnite,  the  percentages  of  its  constituents  agreeing  very  exactly 
with  the  formula  C„fifilfi^  This  highly  chlorinated  substance 
seems  (o  ^proach  nearly  to  the  oblorida  of  a  bydiooarbon. 

Unfortunately,  pyromeconic  acid  is  a  substance  which  cannot  be 
easily  investigated,  as  it  is  extremely  difficult  to  procure  in  any 
quantity.  In  the  coarse  of  our  experimeuts  we  obtained  only  one 
per  cent-  of  pyromeconic  tnn  meoonio  acid,  so  that  until  a  better 
prooess  for  preparing  this  snbstaooe  isdiaoovered,  it  must  remain 
an  open  question  whether  pyiomeconio  aoid  is  a  lower  homologue 
of  pyrogaUic  acid. 

3.  On  the  Action  of  Ammonia  od  Dichloracetone.  Bj  Dr 
A.  Cram  Brown. 

This  pt4>er  oonttini  some  further  details  of  the  properties  and 
composition  of  the  substanoe  mentioned  in  a  former  note  (FrooMd- 
inga,  vi.  75). 

The  substance  is  i»oduced  by  the  action  of  dry  ammonia  gas  on 
diobloraoetone.  A  low  temperature  favours  its  formation.  It 
forms  ooIoDrless  needles,  generally  radiating  from  central  points. 
It  is  extremely  unstable,  and  can  only  be  preserved  in  an  atmo- 
sphere of  dry  ammonia.  In  vacuo  over  snlpburio  acid,  even  at  a 
temperature  of  0°  0.,  it  decomposes  into  ammonia,  dichloracetone, 
and  a  Tisoons  substance,  which  bas  a  smell  recalling  that  of 
acetamide.  The  same  decomposition  takes  place  in  dry  air. 
Hydioohlorio  acid  converts  it  into  dichloracetone  and  chloride  of 
ammoninm.    It  may  be  fused  in  an  atmosphere  of  dry  ammonia, 
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And  Bsblimea  readily  at  tempentmea  farbelov  its  fndtig  point.  The 
poiDt  of  fuBioQ  wu  found  to  be  about  45°  C.  Wlett  expoaed  to  a 
slightly  bigher  temperatnre  it  boils  with  partial  deoompoation, 
leaving  a  slight  trace  of  chloride  of  ammonium,  Oring  to  the 
readiuoBS  with  which  it  deoomposes,  great  difilciiltiee  were 
experienced  in  its  analysis,  and  the  results  have  hitherto  been 
somewhat  discordant.  They  lead  to  the  formula,  0^u,CI^,0,  or 
G,HtCl,0  +  SNH,,  and  it  is  possible  that  it  may  be  the  represen- 
tative in  the  acetic  series  of  the  hydioohlorate  of  flavine. 

The  author  is  at  present  engaged  in  the  farther  examination  of 
this  substauoe  and  the  products  of  its  decomposition , 

4.  On  Centres,  Faisceaux,  and  Envelopes  of  Homology.  By 
Bev.  Hngh  Martin,  M.A.  Commnnicated  by  Profeseor 
Kelland. 

5.  On  the  Efifect  of  Fressore  upon  Bock  Salt  and  Iceland 
Spar.  By  M.  Beosch,  Profeseor  of  Katoial  Pbiloeophy  in 
the  Univerflitj  of  Tubingen.  Oommtmicated  by  Sir  Dayid 
Brewster. 

BiR  DlVID  BREWBTSa, 

Monshdh, — Les  semaines  paasSes  j'Si  tronv^  qnelqnea  faito  dons 
le  sel  gemme  et  le  spath  d'Islande,  que  je  prends  la  liberty  de  toub 
communiquer,  parceqne  je  m'imagine,  qu'il  n'y  a  personne  an 
monde,  qui  saurait  mienx  appiScier  la  volenr  des  petites  choses  qui 
ee  sont  ofiertes  il  moi. 

Dans  le  sel  gemme  il  y  a  un  clivage  on  passage  mnltiple,  omis 
i  tort  par  les  mioSralogistes,  qui  jouit  des  propri6tds  singnlidres 
et  qui  Jetera  peut  £tre  quelqne  Inmi^e  snr 
le  phfnom^ne,  de  la  "  polarisation  lamellaJre." 
Go  passage  suit  lea  faces  dn  granatoedre  on 
dodecaedre  rSgnlier.  En  preasaot  un  morceaa 
carrS,  dont  denx  aiStes  oppoafies  sont  enlev^es 
parlalime,  onobtientparunepressionmodiqne 
nn  passage  brillant  snivant  la  diagonale. 
Hais  on  pent  aToir  les  dx  poaBS^ea  dodecaedriqnes  tons  4  la  fois  en 
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poflant  nn  pmii^oD  conique  but  1e  milieu  d'ime  plkqne,  et  en  donnaot 

deanunn  petit  oovpd'nDmarteanleger.  Tona 

tnaveies  on  point  fo&ppS  tine  €toIle  A  hntt 

biaa,  dont  qnatre  tiennent  an  clirage  oidi- 

nuie,  1  et  2  an  oliYage  dodecaSdriqae ;  et  en 

t^fudant  par  lea  facee  latSnlei  toub  tron- 

Terez  les  aotrea  paaagea  3,  i,  6,  6.    Ce  petit 

oonp  a  de  pins  ditennini  enivant  lee  six  plane  dodecafidriquee,  qni 

paeeent  par  le  point  frapp£,  dee  eondeiuationi  ptrmaneKU$,  canae  de 

ph6nom£ne8  de  polarisation  bien  connus  par  vons  ("  Treatise  on 

Optics,"  page  261,  282).    Les  six  direotions,  snivant  lesqnelleB  lea 

oondensationa  se  font  avec  la  plus  grande  facility  paiaiesent  €tre 

parall^es  aux  grandes  diagonalee  des  rbombea  da  dodecafidre. 

En  presaaot  dea  pi^s  conTenablea  aor  les  faces  dn  cube  on  mienx 
•nivant  qnatre  faoea  limfea  ani- 
rant  le  granatoedre,  on  obtient 
daua  U  Inmi^  polarie6e  des  ph6- 
Domtoea  qni  repellent,  qnoiqne 
imparfaitemeDt,  cenx  de  la  polari- 
Mtioa,  lamellaire,  car  jamais  on  ne  tSaasira  &  rteliaei  an  6tat  de  com- 
preadoD  unifonne,  indiapenaable  poor  avoir  lee  effeta  de  I'alan.  La 
meillenre  experience,  qae  j'ale  pa  troaver  est  la  sai- 
Tante :  on  perce  an  troo  de  qnelqnea  millimetres  dane 

nne  plaqve  carrfe,  en  tooinaDt  la  foret  (a  m^tal  J 

dmoement  entre  lea  doigte.  Atoc  la  plaqae  aenaiblo  de  gypee  on 
a  one  trds  JoHe  flear,  dne  anx  condeoaationa  prfidominantee  Baivant 
lea  diagenalea. 

Sar  lea  facea  octaSdriqne  dn  apatK  flnor,  attaqndea  pat  le  poin^on, 
j'a!  plnaienra  foia  obaervi  des  clivages  normanx  anx  cot^  dn  triangle 
iaocile,  qni  correspondent  anx  snrfaoea  dn  granatoedre.  Sur  I'alun, 
dont  je  n'aTaia  qne  de  tr^  manyais  6ohantillonB,  je  n'ai  encore  rien 
Tn  de  distinct,  mais  je  ne  manquerai  pas  de  ponratuTre  mea  re- 
cberches.  En  attendant  ja  aoia  porter  h  aoup^onner,  qne  la 
"  polarisation  lamellaLre"  ponrrait  Itre  due  anx  condeuEatioua  per- 
maoentea  et  oniformes  aaiTant  lea  pasaagea  dodecaSdriqaee,  les  prea- 
aiona  ttaat  dnea  o&  i  dea  foioes  exUrienns,  oa  1 1'aot  de  la  cria- 
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triliMtioniBtoe.  Saoettemui^jeiiepuiMpuMMMidCgMedrd 
aveo  les  vnes,  que  tow  tow  Mm  foimtea  mr  1r  TSritobU  cum 
de  cfiB  phfinominea. 

Qnuit  u  spsth  d'lBlm^  je  pmids  la  libcrU  de  tow  r^paler  tm 
obeerrations  bqt  cette  sabataam  (Traat,  on  Optica^  fp.  SSl-ZSe,  et 
pp.  349-361);  de  pins  j»ToiMprieTaid«jatar  tot  coQp  d'oeilsnrvD 
m6moire  de  Ft.  Pfaff  i  Erlangen,  dam  FoggcDderff's  Asoialaii, 
band  107,  p.  8S&,  at  band  106,  p.  599.  En  tapptochast  co 
deox  ekoaat  oa  eat  poaaa(  Ten  oe  T^nUat  Bingfalier,  qn'il  doit  Mn 
poaaiUe,  dejnw  naitn  dtm  "  twin-JOm;"  daua  c«  criatal  pat  ana 
preaaian  asBbaiita.  Or  o'eat  ee  qne  j'al  fait  par  dottzainee  de  fbte 
dans  le  daniar  tompa.  On  pnnd  nn  priame  de  apatb,  Tbombiqiw 
on  rbomboidiqiie,  on  ;  Unte  dea  roifaoea  i^ssea  pavalUka  et  nor- 
snke  aox  aaUea  loagnaa  da  ptiaaoe,  on  7  oolle  dee  petLta  cartow  et 
Ton  met  le  priame  dana  una  preaaa  it  aacb<»iaa  panUftlea.  Ed 
preaaant  doncement  toub  anrez  on  k  tnis  paeeageai  eoireepondant 
an  rhomboedie  obtoa,  et  oea  passagea  M  aont  pas  ordiDaireEaent 
dea  cUTEges,  maia  de  vSritables  "  twin  filma."  Ce  fait  aiaifnlieE 
m'a  rappelS  I'albite,  le  labrador,  q«i  eoal  A  terribleiMDt  aacUs 
(twin  Sboa)  at  ponarait  donner  qnelqnea  iodicatiiM  aut  U  eata» 
del*Conaationd«diffen[)tB  twin-oriataox.  dans  la  aattire.  Qaanfc 
auz  twin-films  dn  spath  dlsUiide  ya  biub  perauadfi,  qn'il  aonfc 
tons  dAa  k  vne  praaaion  ^tSrianre  soit  dana  la  lieu  de  lear  naia- 
sanoe,  Boit  dans  les  maina  de  celui  qui  maltnute  les  cristaux  en  lea 
cliTant. 

YoiU  Uonaienrl  ce  que  j'ai  vonlnTons  commnniqiier.  Ce  aen 
•ana  donte  pen  de  choae  dans  tos  yenz,  qni  ont  tant  tu  ;  maia 
dfipnia  long  tenrpa  j'ai  BttiTi  tos  traoea,*  et  £tu£6  tob  traranx,  et 
toojonrB,  j'ai  Bongd  &  toub  pidaenter  quelque  chose,  qni  fQt  digne 
de  Vooft  FniBB&-js  aToir  t^dbbi  ! — Agrfiez  Monaienr  raBsnrance 
de  ma  plaff  bante  conddfintion,  Totie  tria  hnmbte  seir. 


Pt(^.  der  Physik  cm  dtr  VnivenitiU. 

18Jr»*18e7. 

*  Foggetidoifi  Aiinden,  tratr  dai  ScMltrn  gutitMr  Xfi/ttalU,  haaA  IIS, 
p.  893 ;  banf  118,  p.  266 ;  taad  120,  p.  BS.      UOtr  <lm  ^gai,  band  128,  p. 
"  ~  d  134,  p.  «I. 
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TuBiNOEN,  27  Man  1667. 
lIoMBiaTTKi'-Je  m'emprease  A  repondre  anx  observations  justea, 
lout  Tou  kTOZ  daignfi  ua  piimiire  oommunication. 


Qnuit  &  la  production  des  "  twin  films"  dans  le  spath  d'lslsnde, 
YOL.  VI.  e     .^ 
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je  tacbe  de  I'expliquer  de  la  maui^re  suivante :  Boit  ABCD  la 
eectioa  principale  d'uD  Thomdoedre  de  Bpatti,  qui  est  BOiimis  i  des 
^iresaionB  paralleles  FF  non  directement  opposSes  ;  i1  y  aura  dani 
UDe  certaine  partie  abed  uce  tendance  de  glUsement,  qui  finira  par 
amener  toutcs  lee  molSculee  ab,  mn,  dc,  dans  les  Douvellea  positionB 
d'^uiltbre  a'b,  m'n,  d'c,  de  Borte  qu'uue  a&tie  de  molecules,  eitueefl 
d'aLord  eur  la  ligne  MmnN,  se  trouve  transport^e  Bur  la  ligne  bristo 
Wmn'S.  Eq  r^ilite  les  parties  a'b,  d'c,  soDt  souvent  tellement  bien 
planes,  qu'elles  donnent  des  images  mSsurables  au  goniom^tre. 
Si  vous  preasez  un  petit  morceau  de  bois  auivant  lee  fibres,  todb 
.  avez  un  ph^nom^De  aDalogue,  parceque  jamais  la  pres- 

!  I  I .  I  I  Bion  ne  sera  Sgalement  rSjiartie  sur  les  faces  pressSes, 
]  Or,  je  dis  que  la  lame  a'btd'  est  bemitrope,  car  eD  la 
rgtournantautourd'ane  normale  de  180"  elle  Tiendra 
se  leplacer  dans  la  position  primitive  ahcd  (Uiller, 
Treat,  on  Critt.,  chap.  viii.  230.)  La  manidre,  dont 
les  min^ralogistes  ezpliqueut  les  "twin  crystals" 
n'est  qu'une  fictioQ  g4om€trique,  qui  malheurense- 
ment  n'a  aucun  rapport  avec  la  structure  iutime  des  oristauz.  Le 
Bel  gemme  et  le  spath  sont  peut-Stre  appel^  &  donner  quelque 
lumiere  Bur  la  merveilleuse  cbarpente  dea  cristaux. 

Ca  u'est  pas  5  tort  que  le  mot  patsaga  Vous  a  choqu6.  En  fran- 
^aie  je  n'avai^  paa  d'autre  mot  &  ma  dispoaitton  ;  en  allemacd  je  les 
appelle  "  GleitBacbe"  (sliding  pJoTie),  car  eette  nouvelle  espdce  de 
clivage  est  reellement  tr^s  diSereute  des  clivagea  ordisairea.  II  est 
vrai,  qu'une  presaion  Buffisante  et  poussee  jusque  i  la  separation 
des  molecules,  pent  produire  dea  clivages  miroitanta  dans  le  sel 
gemme  et  le  spatb  ;  mais  ce  qui  ae  passe  dans  les  "  eliding  planes" 
avant  la  ruplure,  me  parait  Stre  tout  autre  choae  que  oe  qui  a'op^re 
dana  un  clivage  ordinaire.  Je  aoup^onne^  que  suivant  ces  plana, 
qui  sans  doute  existent  'dans  toua  les  crlstaui,  lea  moloculea  Bont 
8inguli§rement  di^ipoeSea,  non  i  se  separer,  maia  i  prendre  dane 
des  directions  dgterminSes  dea  nouvellea  poaitiona  d'^quilibre  sous 
I'infiuence  de  pressions  exterieures,  et  cela  sans  solution  de  con- 
tinuil6.  Voili  un  problome  qu'il  a'agit  d'approfondir  et  auquel  je 
oroia  a  peine  avoir  touch6. 

La  preuve  de  ce  que  les  lames,  dues  i  la  pression,  ne  sont  pw 
dea  clivages,  mais  bien  des  viritablea  twin-lames,  est  tiia  simple. 
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.  1°.  Eu  obeeTTODtdans  UDe  telle  lame  rimag«rSfl6cbied'uneligDe 
horlzoDtale,  la  reflexion  B'opSraot  dans  tin  plan  vertical,  normal  i 
I'arSte  obtuse  du^rbomboedre,  vous  verrez  la  meme  bifuication  de 
la  ligne  obaeirM,  que  dans  une  twin -lame  naturelle.  De  plus  vous 
^arez  lee  quatre  images  d'une  flamme,  doDt  deux  ordiDairement 
aontcolorfes  (votre  Treat,  on  Opt.  p.  350,  351.) 
.  2°.  Vous  taillez  dee  plans  normaux  &  I'ase  dans  une  piece,  qui 
par  la  piession  a  gagnd  nne  twin-lame,  ou  voua  pressez  la  piece 
aprte  la  coupe  (experience  de  Fr.  Ffaff),  et  voua  venez  entre  les 
touimalinea  les  memes  phenom^nes,  que  dans  nn  moiceau  tailU, 
poSB^dant  une  lame  naturelle  (voire  Optico,  p.  254.) 

J'espSre  Uonsieurl  que  cette  exposition  sera  propre  &  dissiper 
(juelques  doutes  et  objectioDB,  que  ma  premiere  lettre  pourrait  avoir 
UisB^es  dans  votre  eeprit. 

Il-y-a  dSja  quelques  Bemaicee,  que  j'ai  communique  me«  obser- 
vations aus  Messieurs  Dove  et  G.Bose  i  Berlin,  pour  ^tre  prgeentees 
par  eus  i  I'academie.  II  parait  que  ces  savans  distingu^s  mettent 
beancoup  de  temps  &  examiner  s^rieusemenl  mes  resuUats ;  car  je 
Buis  encore  sans  reponse,  maia  bien  sQr  d'en  avoir  avec  \e  temps. 
C'est  pourquoi  I'intfiret,  aveo  lequel  le  Nestor  des  Physicians  a  bien 
Toulu  recevoir  ma  communication,  m'a  €i6  d'une  satisfaction  toule 
particuIiSre.  Monaieur,  je  voua  remercie  beaucoup  de  votre  bien- 
veillance  et  je  voua  prie,  de  faire  tout  ce  que  vous  jngerez  ik  propoa 
pour  pnblier  lea  petites  choses,  que  j'ai  miaes  dans  vos  mains.  Les 
deux  "  brief  abstracts  "  hautement  interessaDts  que  vous  avez  eu 
la  bont£  de  m'envoyer,  m'ont  fait  un  grand  plaisir  ;  je  ne  mauquerai 
pas  de  r€p§ter  vos  experiences,  Les  memoires  memea  ae  trouveronl 
Sana  donte  dana  les  Transactions  d'Edinburgh. — AgreSz  Monsieur, 
Tassurattce,  de  man  plus  baut  estime,  votre  tr^s  devout, 

Rbobcr. 
Sir  David  Bbewbteb,  Edinbargh. 

.    The  following  Gentleman  waa  admitted  a  Fellow  of  the 
Society : — 

Herbt  Dibcke,  Esq.,  C.E.,  F.C.S. 

The  following  Donations  to  the  Society  were  announced : — 
Joumal«ftheAsiatioSocietyof  Bengal.  Part2.  1866.  Special  No. 
-^       Etbnology.     Calcutta,  1866.     Svo.— From  the  Socieljf. 
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FroceediDgH  of  the  Royal  Iriah  Academy.    Vol.  IX.    Part  4. 

DubliQ,  1867.     %iio.—From  &ie  Academy. 
TransactioaB  of  the  Boyal  Irish  Academy.    Vol.  XXIV.    Ptrta 

7,8.     (Scieace.)     Dnblin,  1866-67.    Hio.— From  the  Aead»my. 
Verbandlungen  der  VereioB  far  Naturkunde  eu  Presbarg,  VIIL, 

IX.     Jahrgang.     8vo. — From  Profettor  E.  Mack,  Prtiibwrg. 
Batletin  de  la  Socigti  de  Geograpbie.    Feviier,  1867.    Paris,  18S7. 

8to. — From  the  Society. 
Abbandlungen  der  Eaaiglicben  Akademie  der  WiMeosohafteB  an 

Berlin.     1865.     Berlin,  1866.     ita.—Fnm  Ou)  Aeadtmy. 
TTeber  die  Verecbiedeiibeit   in   der  Scbadelbildung  dee  Gorilla, 

Ghimpans^,  und  Orang-Ontang,  TorzUglich  nach   Geaobleobt 

und  Alter,  nebet  einer  Bemerknng  Ubei  die  Darffinsche  Tb«orio 

(with  plates),  tod  Dr  Th.  L.  Bischofi'.     Muncben,  1867.    4to. 

— From  the  Boyal  Academy,  Munich. 


Monday,  loth  April  1867. 

Sib  DAVID  BREWSTER,  President,  in  the  Chair. 

The  following  Communications  were  read : — 

1.  On  the  Nature  and  Character  of  European  Winter  Stormst 
with  the  heat  means  of  giving  Warning  of  their  Approach. 
By  B.  Russell,  Esq. 

The  object  of  this  paper  was  to  show  the  true  ehantcter  of  rtoims, 
illoatrated  by  those  of  2d,  3d,  and  4tb  December  1863.  It  was 
pointed  out  that  the  mode  usually  adopted  of  laying  down  the  iso> 
barometric  lines  was  calculated  to  present  an  erroneous  view  of  tlieir 
figure  or  form.  The  laying  down  representatire  lines  in  lonnd 
numbers  of  5  millemetres  in  each,  or  in  two-tenths  of  an  inoh  of 
barometric  readings,  lead  deceptively  to  the  conclusion  that  the 
areas  of  least  pressure  were  circular  or  elliptical. 

It  was  then  shown  that  the  lines  of  equal  prewuieB  w«e  rftbed 
into  the  laUtttdinal  line  of  minimum  barometer,  which  wu  ntnally 
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fonad  rnnning  north  and  south,  sometimeB  nearly  straight,  but 
often  curved,  with  its  convex  side  towards  the  e&at.  The  minimum 
line  of  barometer  was  easily  fixed  by  consulting  the  Belf-regiater- 
ing  barometers.  The  minimum  line  of  barometer  wae  ehown  to  hare 
been  on  the  meridian  of  London  at  8  a.u.  of  the  3d  December,  and 
apparently  nearly  straight  from  Algiers  to  the  Orkney  Islanda. 
The  barometer  along  the  line  of  minimum  barometer  gradually 
descended  from  npwards  of  30  inches  in  Algiers  to  29  inches 
a  little  to  the  south  of  London.  From  London  to  the  Shetland 
Islands  the  minimum  barometer  was  isobarometric  in  its  character 
— the  pressure  varying  little  over  a  distance  of  600  miles.  The 
iBobarometric  liaes  neie  shown  to  run  parallel  to  eaoh  other  over 
Spain,  the  Mediterranean,  and  soath  of  France,  and  joined  to 
the  minimum  line  at  an  obtuse  angle.  Where  the  difTerence  of 
pressure  on  the  latitudes  from  the  middle  of  France  to  the  south 
of  England  was  considerable,  they  were  ribbed  in  from  both  sidea 
at  acute  angles.  Where  the  minimum  line  assumed  the  character 
of  an  isobarometric  line,  the  isobarometric  lines  on  the  east  were 
□early  straight  and  parallel  to  each  other.  On  the  west,  they  wero 
much  of  the  same  character,  especially  about  a  hundred  miles  west 
of  the  minimum  line.  It  was  shown  that  curved  lines  could  not  he 
put  in  over  France  on  the  3d  December  storm,  according  to  thft 
barometrical  readings  as  given  in  the  Paris  Bulletins. 

The  isobarometric  lines  were  shown  to  have  been  similar  in  their 
character  on  the  moming  of  the  2d ;  that,  however,  they  were  flatly 
ribbed  into  the  minimum  line  of  barometer  over  France  and 
England,  and  corresponded  with  the  diagrams  of  the  self -register- 
ing barometers  at  Oxford,  Eew,  and  G-reenvich.  The  effects  of  the 
storm  of  the  3d,  then  out  into  the  Atlantic,  were  shown  on  tha 
lines  in  contrast  with  those  of  the  latter  date. 

It  was  shown  that  the  winds  on  the  west  side  o[  the  minimum 
barometer  were  from  the  west  and  north-west — the  only  exception 
to  this  being  over  the  north  of  France  and  south  of  England, 
where  sonth-west  winds  were  observed  at  those  stations  where  the 
Isobarometric  lines  were  kneed  in  towards  the  minimum  line  of  boro^ 
meter.  At  those  places  they  mostly  blew  right  across  the  isobaro- 
metiio  lines.  At  other  places  to  the  west  the  winds  blew  obliquely 
01  directly  across  these  lines  towards  the  minimum  barometei. 
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Along  tbe  line  of  minimnin  barometer,  vbeie  it  was  almost  ieo- 
baiometric,  the  winds  either  lulled  or  fell  down  to  a  calm  on  its 
paesage  from  west  to  eaet,  both  on  the  2d  and  3d  December.  On 
the  morning  of  the  2d,  calms  and  light  wiodH  prevailed  for  seTeral 
hours  from  the  north  of  Scotland  to  the  south  of  England.  The 
winds  to  tbe  east  were  shown  to  have  blown  from  easterly  quartera 
obliquely  or  directly  across  the  isobarometric  lines  towards  the  calms 
and  line  of  low  barometer — the  winds  to  the  west,  across  the  iso- 
barometric lines,  also  towards  the  calms  and  line  of  low  barometer. 

The  winds  on  tbe  west  were  comparatively  cold  and  dry,  raising 
the  barometer,  while  on  the  east  they  were  relatively  moist  and 
warm,  and  attended  with  rains  and  falling  barometer. 

Over  the  south  and  easterly  parts  of  France  tbe  winds  were 
from  southerly  quarters  up  to  the  line  of  low  barometer,  which 
apparently  ran  nearly  north  and  south  at  8  am.  on  the  3d  betwixt 
Kochefort  and  Bordeaux.  Tbe  winds  in  the  sonth-east  of  tbe  line 
were  then  light,  but  blowing  across  the  isobarometric  lines,  but  in 
the  north  strong,  where  tbe  difference  in  tbe  pressure  on  the  lati- 
tudes became  great. 

The  storm  of  the  2d  December  travelled  rapidly  from  west  to 
eaet  from  the  north  of  Scotland  to  the  south  of  Europe^the  baro- 
meters all  rising  on  the  passage  of  the  Hue  of  low  baromet«r.  very 
sharply  as  far  north  as  Utrecht,  Munich,  and  Vienna;  as  well  as 
at  Geneva,  Marseilles,  and  Rome.  It  reached  Borne  and  Ancona 
at  8  A.».  of  3d,  with  wind  and  rain.  Tbe  self-registering  baro- 
meters at  Prague  and  Cracow  showed  that  the  rise  was  only  slight 
at  both  these  places. 

During  the  2d  the  barometers  continued  to  fall  slowly  over  Nor- 
way and  Sweden.  On  tbe  morning  of  the  3d,  however,  after  the 
barometers  bad  again  fallen  rapidly  after  midnight  over  the  Bonth 
of  Europe,  the  rise  of  the  barometer  was  genera!  over  the  whole  of 
Europe. 

The  line  of  low  barometer  was  over  Liverpool  at  6  a.u.  of  3d ; 
Oxford  at  6.45 ;  Nottingham  at  7.45 ;  Greenwich  at  8.12 ;  Brussels 
atll;  Utrecht  at  noon;  6enevaat4.20;  St  Bernard,  Marseilles,  and 
Munich  at  6;  and  Prague  at  S.  At  9  p.u.  the  barometers  from 
Haparanda,  at  tbe  head  of  the  Gulf  of  Bothnia,  to  about  SO  miles 
east  of  Prague,  attained  their  minimum.    It  passed  Vienna  at  10, 
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Biida  at  midnigbt,  and  Cracow  at  1  a.m.  of  the  4tb.  On  this  occasion 
the  line  of  low  barometer  was  largely  curved  on  ita  passage  over  the 
Alps,  having  only  leached  Florence  at  9  a.u.  of  the  4th,  and  Rome 
at  2  P.M.  The  effect  of  the  Alps  in  sometimes  delaying  the  bus  of 
the  barometer  in  Italy,  but  not  the  pall,  waa  formerly  pointed  out 
by  the  author  to  Signor  Matteucci — the  cause  of  the  Alps  and 
mountains  of  Norway  in  sometimes  delaying  the  rise  of  the  baro- 
meter, is  alluded  to  as  an  interesting  fact  for  discussion. 

The  storms  of  2d  and  3d  December  both  travelled  rapidly  from 
west  to  east  over  Europe.  They  were  shown  to  have  had  no  such 
erratic  course  as  some  bad  been  led  to  suppose.  That  of  the 
3d,  in  which  the  rise  of  the  barometer  was  general  over  Europe, 
was  shown,  by  the  self- registering  barometers  and  observations, 
taken  at  different  hours,  to  have  travelled  with  great  rapidity. 
Over  Norway  and  Sweden  it  was  upwards  of  fifty  miles  an  hour, 
and  about  the  same  from  Greenwich  to  Cracow.  The  rate  of  motion 
was  less  in  the  lower  latitudes,  being  45  miles  an  hour  from  Pftris 
to  Munich,  37  from  Rochefort  to  Geneva,  34  from  Bordeaux  to 
Marseilles,  and  only  30  miles  an  hour  from  Florence  to  Borne. 

The  winds  blew  obliquely  or  directly  towards  the  low  barometer 
when  it  was  to  the  westward,  and  in  the  opposite  direction  when  it 
was  to  the  east.  The  bending  of  the  isobarometric  line  in  its  passage 
across  the  Alps  produced  a  hurricane  from  the  north  at  Borne  after 
2  P.M.  of  the  4th,  in  consequence  of  tho  westerly  cold  current  being 
pressed  down  towards  the  south  by  the  higher  barometers  then 
existing  in  the  nortb. 

The  easterly  progression  of  storms  is  due  to  the  westerly  current 
that  generally  prevails,  as  an  upper  or  under  current  in  extra-tropi- 
cal latitudes.  Henry  and  Herscbel  consider  this  a  counterpart  or 
return  of  the  trades  of  the  tropics.  The  author  is  not  satisfied  with 
this  explanation,  but  in  the  meantime  cannot  give  a  better. 

The  high  west  winds  at  Liverpool  and  all  places  to  the  south,  on 
tbe  morning  of  the  2d  December,  was  caused  by  a  descent  of  the 
upper  westerly  current,  and  they  blew  with  great  force  for  four  or 
five  hours  at  the  earth's  surface.  There  was  a  calm  behind  them  and 
a  calm  in  front.  The  self-iegistering  anemometers  at  Liverpool  and 
Utrecht,  which  are  notfar  from  being  on  the  same  latitude,  showed 
t}iat  the  strong  winds  from  the  west  lasted  about  the  same  time  at 
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both  places.    It  wae  merely  a  repetition  of  the  Bame  pheaomena 

■long  the  saine  latitude. 

On  the  3d  the  westerly  wind  prevailed  more  geuetally  on  the 
•Drface  of  the  earth,  modified  into  north  and  north-weet  winds,  as  the 
pressure  required  to  be  equalised.  The  winds  over  any  great  space 
do  not  blow  to  a  centre,  but  to  the  calms  and  light  winds  along 
the  line  of  minimum  barometer.  It  was  shown  that  a  minimum 
point  01  space  of  barometric  pressure  existed,  on  the  line  of  low 
barometer,  over  the  south  of  Scotland  and  north  of  England  on  the 
3d  December,  This  caused  a  centripetal  action  of  the  winds  as  it 
passed  from  west  to  east.  They  blew  to  the  low  barometer  from 
the  N.£.  over  the  Firth  of  Forth,  and  gradually  veered  round  to 
N.  and  N.W.  as  the  low  barometer  passed  on  toward  the  east.  The 
winds  to  the  south,  on  the  contrary,  veered  from  S.E.  round  by  S. 
and  S.W.,  till  the  arrival  of  the  cold  north-westerly  current. 

The  minimum  barometer  is  propagated,  and  cannot  strictly  be 
■aid  to  travel.  It  is  merely  the  western  edge  of  the  south-westerly 
cnrrent,  which  prevails  as  a  middle  current,  probably  not  more 
than  15,000  feet  from  the  earth's  surfaoe.  It  is  this  south-westerly 
current  that  brings  the  moisture  and  comparatively  high  tempera- 
ture which  is  found  eatt  of  the  line  of  low  barometer.  The  easterly 
winds,  which  are  of  no  great  depth,  ascend  into  this  south-westerly 
current,  not  over  a  given  elongated  space,  as  Espy  supposed,  but 
over  the  whole  area  where  they  blow  and  the  barometers  are  falling 
The  existence  of  eouth-west  winds  on  St  Bernard's,  8200  feet  abova 
the  level  of  the  sea,  while  easterly  winds  prevail  over  the  plains  of 
Europe  during  the  falling  barometers  in  the  December  storms,  is 
appealed  to  as  decisive  of  the  views  which  have  been  long  held  by 
the  Author  on  this  point. 

The  latitudinal  line  of  minimum  barometer  represents  that  space 
where  the  air  from  the  surface  of  the  earth  to  the  top  of  the  atmo- 
sphere is  warmest  on  any  latitude,  and  consequently  lightest. 
The  ait  is  abnormally  heated  by  the  condensation  of  vaponr  in 
its  upper  beds,  which  has  the  effect  of  propelling  the  air  from  the 
■onth-west  above,  and  from  easterly  quarters  below.  The  heated 
air  of  the  upper  surface  of  the  south-west  middle  current  is  swept 
off  towards  the  east,  and  causes  the  high  prdssare  in  Eastern  Europe, 
■uch  as  previuled  there  on  the  morning  of  the  2d  December,  whep 


n,g,t,7cd3yG00glc 


of  Edinburgh,  Seaaion  1866-67.  145 

the  barometer  was  low  in  Western  Europe.  The  same  priociple 
that  regulates  the  sea-breeze  on  onr  coasts  in  eummei,  regulates 
the  motions  of  the  winds  in  storma. 

The  south-weeteily  curieut  that  blows  above  in  the  high  latitude 
is  nenally  felt  at  the  surface  in  France  and  the  Mediterranean  eight 
or  ten  hours  before  the  passage  of  the  minimum  barometer.  It 
blows  obliquely  across  the  isobarometrio  lines,  and,  in  contro- 
distinctioD  to  Eepy's  Tiews,  obliquely  fi-om  the  line  of  minimum 
barometer.  'When  the  difference  of  pressure  is  great  betwixt  the 
isobarometrio  lines,  the  wind  blows  yiolently  from  the  south,  at 
first  changing  to  the  soutb-weet,  on  the  passage  of  the  low  baro- 
meter, and  then  to  the  west  and  north-west,  becoming  a  part  of 
the  general  cold  and  dry  current  which  raises  the  barometer. 

The  cold  and  dry  current  prevailing  from  the  west,  causing  the 
rise  of  the  barometer,  imparts  form  to  the  line  of  minimum  baro- 
meter. This  line  is  of  great  length,  and  frequently  nearly  straight, 
and  for  obnons  reasons,  when  bent,  it  can  only  be  largely  bent  with 
its  convex  side  towards  the  east.  It  is  often  greatly  curved  in 
the  slow-moving  storms  of  autumn,  when  north-easterly  rainy 
winds  are  largely  developed  on  tbe  north-eaetem  part  of  storma. 

In  regard  to  stonn-waming,  it  was  contended  that,  as  stormB  all 
issued  out  of  the  Atlantic,  a  day  and  night  wat<:h  at  Valentia,  on 
the  west  coast  of  Ireland,  was  indispensable  to  give  warning  of  such 
rapidly-moving  storms  as  those  of  December  16li3.  T bat  storms 
all  travelled  from  west  to  east  was  established  eighty  years  ago, 
through  the  labours  of  the  Meteorological  Society  of  the  Palatinate, 
and  had  been  completely  verified  by  tbe  experience  of  Signor 
Matteucci,  the  distinguished  director  of  the  Meteorological  Depart- 
ment in  Italy.  Every  country  in  Europe  must  walch  the  develop- 
ment of  storms  as  tbey  pass  to  the  east  on  the  latitudes  on  which 
they  are  situated.  It  was  shown  tbat  it  is  highly  probable  that  great 
breakings  up  In  onr  weatber  may  be  telegraphed  from  Newfoundland. 

2.  On  the  Vapour  Lines  in  the  Spectrum.    By  Sir  David 

Brewster,  K.H.,  F.B.S. 
Id  tbe  year  1842  I  discovered  that  tbe  luminous  and  brilliant 
lines  in  the  spectrum  of  certain  flames,  since  called  vapour  Una, 
corresponded  to  certain  dark  lines  in  the  solnr  spectrum. 
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ThiB  observation  was  made  for  the  first  time  by  the  Bpeotram 
produced  by  the  deflagration  of  nitre,  snd  I  afterwards  found  that 
this  was  a  property  belonging  to  every  sach  flame.* 

This  result  vas  obtained  from  experiments  mode  at  St  Andrews 
in  1812,  on  nearly  180  substances,  deflagrated  in  a  platina  cap  by 
a  mixture  of  oxygen  and  coal  gas.  A  notice  of  these  experiment* 
was  read  at  the  meeting  of  the  British  Association  at  Manchester 
in  1812.  The  journal  containing  them  was  laid  before  the  Physi- 
cal Section,  and  one  or  two  of  the  more  interesting  results  wer»  pnb- 
lisbed  in  the  reports  of  the  Association  for  that  year.  The  object 
of  these  experiments  was  merely  to  discaver  new  facts  for  future 
investigation,  and  hence  the  place  of  the  bright  lines  was  simply 
estimated  by  the  eye.  Other  pursuits,  of  a  less  laborious  kind,  pre- 
vented me  from  determining  the  exact  places  of  these  lines  in 
those  flames  where  their  number  and  position  were  most  r«- 
markable,  but  this  will  now  be  better  done  by  some  of  thoss 
numerous  abBBrvers  who  are  working  so  successfully  with  the  Spec- 


The  following  specimens  of  these  obserrations  will  show  their 
limited  character,  and  how  far  they  may  be  nsefnl  and  snggestive 
to  future  observers  : — 

1.  In  the  Chlorides  (/  Tin  and  Lead.  The  whole  spectrum  w« 
covered  with  splendid  lines,  the  double  line  D  being  coDspiououe. 

2.  In  the  Ammonio-Chloride  of  Flatinvm.  The  colour  of  tlu 
flame  yeUow,  and  fine  lines  chiefly  in  the  red  and  green  spaces. 

3.  Aetlate  of  Stroniitei.  Colour  of  the  flame  yellow.  Fine  rad 
and  orange  lines  near  D,  and  one  fine  hlue  line,  and  an  extreme  red< 

4.  AeetaU  of  lAme.  Flame  bravm.  Many  flue  lines,  and  It 
large  green  and  red  one  on  each  side  of  D. 

5.  Chromate  of  Ammonia.     Fine  grttn  and  rtd  bands  near  D. 

6.  lAthoxanihate  of  Ammonia,  Fine  lines  throughout  the  whold 
spectrum,  with  a  fine  bright  blue  band. 

7.  Superacetate  of  Lime.  A  fine  blue  line  in  the  extreme  violet; 
and  an  orange  and  green  band  equidistant  from  D. 

8.  Tartrate  of  Polath  and  Antijnony.  Flame  brilliant  Hue, 
The  extreme  red  finely  insulated. 

•  Bepott  of  Ifae  BiiUBti  Association  for  1842,  p.  16. 
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.9.  Cryolite.  Flame  yellow,  but  green  at  top.  Bright  lines  in 
the  green,  and  a  very  remarkable  and  bright  one  in  the  yellow 
cloM  to  D.  There  are  lines  also  in  the  red,  and  the  yellow  light 
ia  unusually  copious. 

10>  I[wiaU  f^  Barytet.  Flame  green.  The  lines  splendid. 
Tun  in  tiie  Mue,  two  in  the  ffTee»,/(ntr  in  the  yellowisli  green,  and 
tun  in  the  red. 


3.  On  the  Kadiant  Spectrum.    By  Sir  David  Brewster, 
K.H.,  F.E.S. 

I  have  given  the  name  of  Radiant  ^aeclrvm  to  a  phenomenon 
which  1  discovered  in  1814,  and  which  1  deecribed  to  this  Society 
in  the  early  part  of  that  year. 

It  will  be  nnderstood  from  fig.  1,  which  represents  the  brilliant 
radiation  which  eurrounda  a  very  small  image  of  the  Bun,  when  it 
is  formed  either  by  reflection  or  refraction,  or  otherwise. 

If  we  now  form  a  spectrum  of  this  radiant  image,  either  by  a 
prism  or  by  diffraction,  we  shall  have  the  radiant  speetrtan  shown 
in  fig  2,  where  MN  is  the  spectrum  of  the  small  circular  image  3, 

M 


Pig.  1.  Fig.  2. 

aod  AB  the  spectrum  of  the  radiation,  the  centre  of  which  is 
beyond  the  violet,  and  nearly  in  the  place  where  the  intensity  of 
,tlie  chemical  or  invisible  rays  is  a  maximum. 

In  orijer  to  analyse  this  compound  radiation,  let  the  image  of  the 
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BUD  S,  fig.  1,  be  takeD  from  homogeneous  red  light  B,  fig.  3,  and 
refracted  by  the  priBin,  we  Bball  have  its  radiation  ab  at  a  little 
diBtance  from  the  bright  portion  B,  as  iu  fig.  3.  In  homogeueoua 
yellom  light  T,  fig.  4,  the  radiation  ah  will  bo  at  a  greater  distance 
from  Y  than  in  the  red  light.  In  homogeneouB  vioUt  light  V, 
fig.  5,  the  radiation  ah  will  be  at  a  greater  distance  from  V  than  in 
the  yellov)  light. 

If  we  now  refract  laterally  these  homogeneous  radiant  spectra, 
fig.  3  will  bo  changed  into  fig.  6,  fig.  4  into  fig.  7,  and  fig.  5  into 


fig.  8,  thus  proving  that  the  radiant  portion  of  the  Bpectra  consiBts 
of  rays  more  refrangible  than  the  portion  BT  and  Y  Oom  which 
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it  is  derived,  and  that  the  difference  between  the  refractive  indices 
of  these  portions  increases  with  the  refrangibilily  of  the  rays  at 
BY  and  V. 

The  compouDd  spectrum  MN,  AB,  fig.  2,  is  therefore  composed 
of  all  these  separate  spectra,  and  if  we  refract  it  laterally,  as  shown 
in  fig.  9,  we  produce  the  oblique  radiant  spectrum  U'N'A'B',  thus 
proving  tliat  the  radiant  image  consists  of  rays  more  refrangible 
than  the  homogeneous  light  ftrom  which  it  is  derived. 

In  a  rude  experiment  with  a  prism  of  flint  glass,  whose  mean 
index  of  refraction  was  1*596,  the  index  of  the  extreme  violet  was 
I'GIO,  and  that  of  the  centre  of  the  radiant  image  1'6M. 

In  the  preceding  experiments  the  radiation  is  produced  by  the 
action,  on  the  retina,  of  the  small  and  bright  image  of  the  sun ; 
bat  the  same  results  are  obtained,  and  more  distinctly  exhibited, 
by  placing  a  surface  of  fiDely-gcouud  glass  either  on  the  front  of 
the  prism,  or  behind  it,  and  near  the  eye. 

The  existence  of  a  radiant  imago  beyond  the  violet  end  of  the 
spectrum,  as  in  fig.  3,  is  a  faot  difficult  to  explain.  I  have  had  an 
opportunity  of  describing,  or  showing  it  to  several  distinguished 
philosophers — to  the  Marquis  Laplace  and  M,  Biot  in  the  autumn 
of  1614,  and  more  recently  to  others,  by  some  of  whom  the  ex- 
periments have  been  repeated,  but  no  explanation  of  them  has 
been  suggested,  excepting  the  untenable  one  that  the  separation 
of  the  radiant  image  from  the  ordinary  spectrum  might  be  the 
result  of  parallax. 

A  better  theory,  and  one  of  great  interest,  if  true,  may  be  sought 
in  the  phenomena  of  fluorescence,  discovered  in  sulphate  of  quinine 
by  Sir  John  Hersohel,  and  in  fluor  spar  and  other  sabstances  by 
myself,  and  in  the  beantifnl  explanation  of  tbem  by  Professor 
Stokes.  In  this  theory  the  invisible  radiation  of  the  chemical 
rays  is  rendered  visible  by  being  scattered  by  granular  surfaces, 
just  as  the  invisible  chemical  rays  in  the  ordinary  spectmm  are 
rendered  visible  by  being  reflected  and  scattered  by  the  particles  of 
fluorescent  bodies. 
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4.  On  the  Vibration  of  a  Uniform  Straight  Spring. 
Bj  Edward  Sang,  Esq. 

In  this  paper  the  solution  of  the  well-known  and  hitherto  refrac- 
tor;  problem,  "  to  investigate  the  law  of  motion  of  a  uniform 
elaatio  plate,"  is  presented  as  an  example  of  the  application  of  the 
theoryof  primaries  to  physical  leseaicb.  This  problem,  on  account 
of  its  importance  in  the  theory  of  acoustics,  has  attracted  the 
attention  of  the  most  celebrated  mathematicians. 

If  we  suppose  a  physical  elastic  line,  flexible  only  in  one  plane, 
to  have  a  number  of  masses  fixed  at  intervals  along  it — if  we  in- 
vestigate the  law  of  the  motions  of  these  masses — and  if,  there- 
after, we  imagine  the  masses  to  be  indefinitely  subdivided  and 
th^r  parts  distributed  along  the  intervals,  we  shall  arrive  at  tbe 
taw  of  vibration  of  an  elastic  plate.  Now,  when  we  examine  tbe 
general  features  of  the  vibration  of  such  a  discrete  series,  we  dis- 
eover  that  every  motion  of  which  it  is  susceptible  may  be  regarded 
as  tbe  combination  of  simple  movements,  the  number  of  which  is 
equal  to  the  number  of  tbe  oonnecting  ties ;  these  simple  move- 
ments being  such  that,  if  one  of  them  existed  alone,  all  tbe  pads 
of  the  series  would  come  simultaneously  into  their  mean  positions, 
Tbe  demonstration  of  this  theorem  is  identia  with  that  which 
was  given  in  a  paper  on  linear  vibration  read  before  the  Society 
during  tbe  session  185fi-57,  and  therefore  omitted  from  the  present 
paper.  From  this  theorem  it  follows,  that  tbe  trembling  of  a  con- 
tinuous spring  must  be  composed  of  an  infinity  of  simple  vibrations, 
each  of  which  is  performed  in  its  own  peculiar  periodic  time. 
Hence  onr  attention  must  be  given  to  the  aharacteis  of  a  simple 
vibration. 

In  order  that  a  number  of  bodies  may  perform  aimultaneous 
oscillations,  it  is  necessary  that  their  tendencies  to  return  to  their 
mean  positions  be  proportional  to  their  distances  from  these  posi- 
tions, and  to  their  masses  jointly.  Hence,  if  a  number  of  equal 
masses  be  arranged  uniformly  along  a  thin  elastic  uniform  bar, 
the  form  which  that  bar  assumes  when  making  a  simple  vibration 
must  be  sach  that  tbe  pressures  necessary  to  retain  it  at  rest  in 
that  shape  are  proportional  to  the  distances  from  tbe  mean  position. 
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That  is,  tbe  presaure  at  A  mnet  be  proportional  to  the  ordinate  Aa, 
the  presBure  at  B  to  the  ordinate  Bfi,  and  so  on.  Now,  if  the 
ordinates  Aa,  B&,  Ge,  Dd,  &a.,  weie  in  arithmetical  ptogreesioo, 
there  would  be  no  flexure  at  any  of  the  points ;  tbe  flexure  is,  in 
fact,  proportional  to  the  second  difierence  of  the  ordinate! ;  for 
example,  the  flaxuie  at  D  is  proportional  to  the  second  differenoe 


of  the  three  ordinates  Ce,  Hd,  Ee,  or  to  Cc  -  20(1  +  Ee.  Again, 
when  a  straight  bar  is  slightly  bent  by  pressures  applied  at  three 
points,  tbe  flexures  at  equidistant  intermediate  points  are  in  arith- 
metical progression ;  that  is  to  say,  if  at  the  point  D  no  pressure  be 
applied,  the  flexure  at  D  must  he  an  arithmetical  mean  between 
those  at  G  and  E.  When  pressure  is  applied  at  D,  that  pressure 
must  be  proportional  to  the  second  difierence  of  the  flexures  at  C 
and  E,  and  consequently  to  the  fourth  difference  of  the  ordinates 
at  B,  C,  D,  E,  and  F. 

Hence  the  characteristic  property  of  tbe  form  assumed  by  aach 
a  discrete  series  when  making  a  simple  vibration  is,  that  the  length 
of  any  ordinate,  aa  dD,  must  be  proportional  to  tbe  fourth  difference 
of  the  five  ordinates  of  which  it  is  the  middle  one. 

In  passing  from  the  discrete  series  of  masses  to  tbe  concrete 
bar,  the  differences  of  the  various  orders  are  replaced  by  the  deri- 
vatives of  the  same  orders,  and  hence  the  general  character  of  tbe 
curve  assumed  by  an  elastic  bar  when  making  a  simple  vibration 
is  Ibis,  "  that  the  ordinate  at  any  point  of  tbe  curve  is  proportional 
to  its  fourth  derivative,  the  abscissa  being  the  primary;"  and  this 
statement  contains  the  complete  solution  of  the  problem. 

Putting  X  for  the  abscissa,  and  y  for  the  ordinate,  of  the  curve, 
the  above  proposition  may  be  written 

it  indicfttes  the  relation  between  the  function  and  one  of  its  de- 
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rivativea,  thus  bringiDg  tbe  problem  under  tbe  dominion  of  the 
calcnluB  of  primariea ;  the  object  of  that  calculus  being  to  diBCover 
the  relation  of  the  primary  variable  to  the  functioD,  whea  tha 
relation  BubaiBting  between  that  function  and  its  derivative  is 
known.  It  also  shows  that  tbe  function  belongs  to  the  clan  of 
racnmng  functions  of  tbe  fourth  order ;  and  that,  therefore,  the 
equation 

w  .  ,  =  AQ!  +  BQ"  +  0[T]!  +  DH! 

lepresents  the  form  of  the  cnrve  in  every  possible  case  of  simple 
vibration;  A,  B,  C,  D  being  coefficients,  having  fixed  ratloe  to 
each  other,  and  I  being  a  length  depending  on  the  relation  of  tfae 
lineat  unit  to  the  dimensions  of  the  system. 

It  only  remains  to  apply  this  general  formula  to  particular  cases. 
The  end  of  an  elastic  bar  may  be  held  firmly  as  in  a  vice,  it  may 
be  entirely  free,  and  it  may  be  touched,  but  without  any  angular 
tension ;  and  these  three  canditiona  may  be  combined  at  the  two 
ends  of  the  bar,  thus  making  in  all  six  distinct  cases,  ae  under, 


Ctue  1.  When  the  elastic  bai  is  held  firmly  by  one  end,  the  other 
end  being  free. 

Cate  2.  When  both  ends  are  free. 

Case  3.  When  both  ends  are  held  fast. 

Case  4.  When  one  end  is  free,  the  other  touched. 

Case  5.  When  oae  end  is  held,  the  other  touched. 

Cate  6.  When  both  ends  are  touched. 
Now,  when  tbe  end  of  the  bar  is  held  faBt,  both  the  ordinate  and 
its  derivative  muat  be  zero  for  that  end  ;  when  tbe  end  is  fiee,  the 
second  and  third  detivativeB  must  be  zeroes  there ;  and  lastly, 
when  the  end  is  touched  without  angular  tension,  the  ordinate  and 
its  second  derivative  must  each  be  zero ;  and  therefore  the  pecn- 
liaritieB  of  the  equations  applicable  to  the  various  cases  are  easily 
found. 

Case  I. 

In  the  first  and  most  familiar  case,  when  the  elastic  bar  is  held 

firmly  by  one  end,  it  is  eaiiily  shown  that  if  X  be  tho  entire  length, 
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the  zero  being  placed  at  the  Sxed  end,  we  must  have  A  =  0,  B  =  0, 
while  the  GoefBcienta  C  and  D  must  satisry  the  two  conditions 

CS^  +  DQ^.O;        CH^  +  DQ^.O; 

which  give 

[I]T-B?  =  Qf -[IlTi 

from  which  equation  the  ratio  -f  has  to  be  determined. 

Denoting  this  ratio  by  p,,  we  observe  that  p,  has  an  infinite  nnm- 
bei  of  values  corresponding  to  the  infinite  number  of  simple  vibra- 
tions of  which  the  system  is  susceptible,  and  that  the  times  of 
these  vibrations  are  as  the  squares  of  the  difierent  values  of  I  thence 
resulting.  This  general  equation  of  condition  may  also  he  put 
into  the  form 

Eft'  -  Hp;  =  -  1 ; 

and  the  equation  of  the  curve  becomes 

Cabb  II. 
When  both  ends  of  the  bar  are  free. 
In  this  case  the  equation  of  condition  becomes 

lIlp.-0ft-Qp.-0p.. 

or  Qft"  -  Qp,'  .  -f  1 , 

while  that  pf  tbe  curve  is 

y.  =  [IlP..0f -Qft.Qf. 

CasbIII. 

When  both  ends  are  held  fast. 

The  equation  of  condition  in  this  case  is  found  to  be  identic 
with  that  of  the  preceding  case,  and  hence  we  have  this  very  re- 
markable law,  that  the  sounds  emitted  by  an  elastic  bar  when 
suspended  so  as  to  vibrate  freely,  are  identic  in  pitch  with  those 
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giveo  out  by  a  similar  bar  of  the  same  length  held  firmly  at  e 
end.    The  equation  of  the  carve  in  this  ease  is 


are  shown  to  be  included  in  the  two  preceding;  the  touched  ex- 
tremity corresponding  to  the  middles  of  the  lengths  in  those  cases 
when  the  node  of  the  curve  happens  to  be  there. 

Cass  VI. 
In  this  case,  when  the  ends  are  held,  but  without  angular  tension, 
the  equation  of  condition  is 

but  the  difference  between  these  two  quaternary  functions  is  the 
sine  of  y  ,  and  so  the  equation  takes  the  familiar  form 
■     X 


I 


=  0  , 


and  so  -j  has  an  infinity  of  values  forming  the  arithmetical  pro- 
gression n-,  2>r,  Sir,  4n-,  &c. ;  and  the  equation  to  the  curve  beoomea 

so  that  in  vibrating,  the  bar  takes  the  form  of  the  ourve  of  Bines, 
and  the  nodes  divide  the  whole  length  equally.  In  this  case  the 
rapidities  of  the  different  vibrations  are  as  the  squares  of  the  seriM 
of  natural  numbers. 

The  determination  of  tbe  numerical  valnes  of  the  coefficients  in 
the  other  coses  must  be  obtained  by  the  solutfoo  of  the  tnnecen* 
dental  equations 

Qp-  -[!],•=-  1,  .Dd  Hp-  -  Qp'  .  +  1 , 

and  this  solution  is  obtained  in  the  following  manner. 

By  putUng  ftc  to  represent  the  complex  function  0**  ~  H"^! 
and  taking  its  successive  derivatives,  we  obtain,  for  tbe  fottrth  de- 
rivative, the  result 

ijfix^  -  4ftc, 
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that  ii  to  U5,  tba  fourth  deriv&tive  is  quadruple  ot  the  funotion 
with  the  tiga  ohaoged,  This  bringB  us  to  a  new  class  of  functions 
to  reality  of  the  eighth  order,  and  bearing  to  the  quaternary  func- 
tioDs  the  same  kind  of  relation  vhich  the  circular  functions,  eotine 
and  nne,  bear  to  the  catenarian  oues. 
If  we  write  instead  o(  x,x  Ji  we  have 

ga?  -  [T]x>  =  1  -    JL   +J^   _  etc. , 

in  which  the  Btgna  are  alternately  +  and  —  ;  denoting  this  func- 
lion  by  the  character  ^ b,  and  its  derivatives  by  -  <^*,  ~  ^z, 
-  ^  a",  wo  have  four  functions,  viz., 

<»>■-'      -  .4  +r8    -  '"■■ 
*•- A    -:^6  +  r^o  -•"■■ 

which  are  almost  the  counterparts  of  the  qnaternary  functions,  and 
of  whieh  the  values  may  he  computed  with  great  ease.  And  it  is 
ooteworthy  that  by  putting  *  »  v^/i,  these  functions  reproduce 
the  quaternary  ones. 

The  detemination  of  the  values  of  the  coefficients  in  the  equa- 
tions of  the  curve,  is  thus  reduced  to  the  numerical  solution  of  the 
two  equations 

<^  «  e  -  1,  and  <3> «  -:  +  1, 
•ad  situated  between  these  there  is  this,  viz., 

<S>..o, 

Ih0  roota  of  which  are  the  odd  multiples  of  Wi  . 

The  Kflulta  of  the  oalculation,  as  applied  to  the  case  of  an  elastic 
rod  held  firmly  by  one  end,  were  stated  to  be,  that  the  funda- 
mental or  slowest  vibration,  and  the  next  oue,  have  their  periodic 
timea  in  the  ratio  of  6-2557  to  1,  or  very  nearly  as  25  to  i.  And 
that  the  node  in  the  second  vibration  is  at  the  diMance  '78345 
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parts  of  the  whole  length  from  the  fixed  end.  Those  retrnlta  were 
confinned  by  experiments  made  in  the  manner  first  ehowD  by 
FrofesBoi  Wheats  tone. 

The  following  OeDtlemen  were  admitted  Fellows  of  the 
Society : — 

Cbables  Qaihbr,  U.A.,  U.D.,  F.L.8. 
WiLLlAU  Keddib,  Esq. 

The  following  Donations  to  the  Library  were  annonDced : — 

Proceedings  of  the  Boyal  Society,  London.    Vol.  XV.  No.  91,  Svo. 

— From  the  Socieiy. 
Proceedings  of  the  Meteoiological  Society,  London.     Vol.  IIL 

Nob.  28,  29.    8vo.— JVom  the  Sodett/. 
Journal  of  the  Linnean  Society,  London.    Vol.  IX.  [Botany]   No. 

39.    Bvo.— From  the  Society. 
Joarnal  of  the  Statieticftl  Society  of  London.     Vol.  XXX.  Part  1. 

8to, — From  the  Society. 
Journal  of  the  Chemical  Society,  London.    April  1867.    8vo.— 

From  the  Society. 
Twelfth  Annual  Beport  of  the  Begietrar- General  on  the  Births, 

Deaths,  and  UarrJogee  registered  in  Scotland  daring  the  year 

18C6 ;    and    Second    Annual    Eeport    on   Vaccination    (with 

Supplement).     Edinburgh,  1867.     8vo.—From  the  Seffittrar- 

Qeneral. 
Monthly  Beturns  of  the  Births,  Deaths,  and  Marriages  registered  in 

the  Eight  Principal  Towns  of  Scotland.    For  February  and 

March  1867.     8to. —JVom  the  RegUtrar-Oeneral. 
MSmoires  de  la  Societe  des  Sciences  Physiques  et  NatnrelleB  do 

Boutdeaux.     Tome  I.-IV.    8vo. — From  the  Society. 
Bulletin  de  la  Societe  de  Geographie.    Mars,  1867.    8vo. — From 

the  Society. 
Nachrichten  von  der  Edniglichen  Gesollschaft  der  Wissenschaften 

und   der  Qeorg-Augusts-Universitat   ana    dem    Jahre   1866, 

Gottingen,  1866.     8vo.— -From  the  Socieiy. 
Jahrhuch  der  Kaiserlicb-Eoniglichen  Geologischen  Beichsanatalt. 

October,  November,  December  1866.     4to. — .From  the  Oealo- 

gical  Society  of  Vienna, 
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lt«port  of  tbe  Committee  od  Safety- Signals.     Fresentfid  to  the 

C^neral  Railroad  ConTentiou,  held  at  Nev  Yoik,  October  21, 

1866.     8vo.—From  the  Committee. 
Honatsherioht  der  Eteiglicb  Praussiecben  Akademie  der  Wissen- 

eobafton  zn  Berlin.    December  1866.    Berlia,  1867.    8to. — 

Frcm  tht  Academy. 


Monday,  29th  April  1867. 

Sib  DAVID  BREWSTER,  President,  in  the  Chair. 

The  following  Oommnnicationa  were  read : — 

1.  Description  of  a  Double  and  Triple  Holophote,  and  of  a 
Method  of  Introducing  the  Electric  and  other  Lights 
By  Sir  David  Brewater,  K.H.,  F.RS. 


2.  On  the  Effect  of   Reduction  of  Temperature  on  the 

Coagulation  of  the  Blood.    By  John  Davy,  M.D.,  F.R.S8. 

Lond.  and  Edin. 

In  an  excellent  little  vork  recently  published  on  elementary 
physiology,*  its  author,  when  treating  of  the  blood  and  its  coagula- 
tion,  remaiks  that  a  lov  temperature  retards  its  coagulatioD ;  and 
that  "  blood  kept  at  the  freezing- point  of  ivater  will  not  coagulate 
at  all."  He  adds :  "  Blood  thus  kept  fltiid  will,  howerer,  coagu- 
late when  its  temperature  is  raised;  and  blood  has  been  thus 
cooled  and  warmed  till  near  coagulation  for  three  HucceEeive  times 
without  losing  its  coagulability." 

That  the  lowering  the  temperature  of  the  blood  retards  its  coagu- 
lation is  now  unquestionable;  but  the  statement  that  it  does  not. 
coagulate  at  all  at  the  freezing-point  of  water,  ia  new  to  me.  Not 
aware  that  it  has  been  the  subject  of  experimental  inquiry,  I 
thought  it  rigfat  to  make  some  trials  to  endeavour  to  determine. 

*  J/etaoo»  on  Elemeutary  Phydolog;.    By  Tbomaa  H.  Huxley,  LL.D., 
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whether  the  blood  can,  indeed,  be  retained  in  its  liquid  fonn  in  th« 

manner  elated. 

The  trials  I  have  instituted  have  been  of  two  kinds— one  by  re- 
ceiving blood  in  a  cooled  vrasel,  cooled  by  snow,  and  kept  in  snow ; 
the  other,  hy  receiving  it  in  a  vessel  of  low  temperature  in  a  freez- 
ing mixture  of  salt  and  bdow,  and,  when  frozen,  transferring  it  to 
enow,  with  the  intent  to  see  whether,  after  thawing  (the  freezing- 
point  of  blood  being  lower  than  that  of  water)  it  would  continue 
liquid  or  would  coagulate. 

The  results  of  both  trials — and  they  were  more  than  once  made 
— were  negative.  The  blood  used  was  that  of  the  sheep,  procured 
at  the  slaughter-hoiise ;  the  quantity  (the  subject  of  the  experi- 
ment) half  a  cubic  inch ;  and  the  veeeole  into  which  it  was  received, 
tubes  of  thin  glass  about  half  an  inch  in  diameter. 

So  amal]  &  quantity  of  blood  was  employed  on  account  of  the 
greater  facility  of  lowering  its  temperature,  whether  to  the  freezing- 
point  of  water,  or  to  the  lower  degree  requisite  for  the  freezing  of 
the  blood  itself. 

As  regards  the  first  mode  of  trial,  in  each  instance,  the  blood  in 
snow,  at  a  temperature  of  32°  or  33°  F.,  was  found  coagulated  in 
about  a  quarter  of  an  honr.  The  ooagulum  was  somewhat  softer 
than  bad  the  coagulation  been  more  rapid  without  any  interference 
— t, «.,  in  about  two  minutes. 

As  regards  the  second  mode  of  trial,  the  coagulum  formed  after 
the  thawing  of  the  frozen  blood  was  also  softer  than  common ; 
and  the  more  so,  it  seemed,  the  longer  the  blood  had  been  kept  in 
the  frozen  state  previous  to  liquefaction,  as  if  the  fibrin  had  thus 
been  rendered  less  contractile. 

The  parts  of  the  quotation  given,  in  which  it  is  said  that  blood 
kept  fluid  at  the  freezing-point  of  water  will  coagulate  when  its 
temperature  is  raised,  and  may  be  "  cooled  and  warmed  till  near 
coagulation  for  three  or  four  successive  times,"  I  do  not,  t  must 
oonfesB,  well  comprehend. 

That  blood  may  be  rapidly  frozen  in  small  quantity,  and  rapidly 
thawed,  and  this  more  than  once,  I  ascertained  many  years  ago  ;* 
and  just  now,  using  sheep's  blood,  I  have  had  the  results  con- 

*  ftesoaicliea,  Pliysiologlcal  and  Anatomicii],  ii.  p,  77. 
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firmed.  In  the  space  of  one  hour,  a  cubic  inch  of  blood  was  frozen 
and  liquefied  four  different  times.  The  veeael  in  which  it  waa  first 
frozen  was  a  thin  driDking  cup  about  two  inches  in  diameter. 
For  the  sake  of  rapid  effect,  it  had  been  kept  some  time  pievionsly 
in  a  freezing  mixture ;  and  the  blood,  as  aooa  as  liquefied,  ww 
poured  into  a  tube  similarly  cooled  in  the  same  mixture,  to  he 
again  frozen, — and  so  on  in  ancceasion. 

These  results,  I  need  hardly  remark,  are  little  more  than  a  oon- 
finnation  of  those  obtained  by  Hewsou  nearly  a  centuiy  ago.* 

3.  Note  on  a  former  Paper  on  the  Theory  of  Doable  Beftnc- 
tion.    By  A.  R  Catton,  M.A.,  Fellow  of  St  Jolin'a  College, 

.  Cambridge. 

4.  A.  Preliiuinary  Notice  of  the  Akazga  Ordeal  of  West 
Africa,  and  of  its  Active  Principle.  By  Thomas  R  Fraser, 
M.D. 

This  ordea!  poison  la  referred  to  in  the  works  of  Du  Ohaillnf 
and  Winwood  Heade;J  and  several  of  its  toxic  properties  have 
been  described  by  MM.  Pecholier  et  Satntpierre.^  A  few  speci- 
mens were  sent  to  this  country  in  1864  by  the  Rev.  A.  Bushn^I  of 
Baraka,  and  these  were  very  kindly  given  to  the  author  by  Hr 
Thomsou  of  Glasgow ;  and  a  furlher  supply  came  from  the  same 
quarter  in  1865.  These  gentlemen,  and  Dr  Nassau  of  Bonita, 
supplied  valuable  and  interesting  information  regarding  its  employ* 
meat. 

The  poison  is  known  in  Africa  as  Akazga,  Boundou  (or  BTBoun- 
dou),  Ikaja,  and  Quai ;  Akazga  being  probably  derived  from  nhaga, 
which  ^gnifies  pain  or  hurt.  It  is  used  as  an  ordeal  for  the  detec- 
tion of  real  and  superstitious  crimes  on  the  West  Coast  of  A&ics, 
in  a  large  district  which  extends  north  and  south  of  the  equator, 
and  many  miles  inland,  and  also  in  the  oc^acent  island  of  Gorisco. 

•  The  Worfa  of  William  Eewson,  F.E.a  Edited  bj  Oeorge  SuUiTan. 
F.n.S.,  p.  17. 

t  BipIoratioDB  and  Adventarea  in  Equatorial  Africa,  IS61. 

X  lavage  AiKoo,  I8S2. 

{  Oomptea  Bendiia,  1666,  p.  809. 
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It  is  believed  that  several  tfaouBand  persons  are  animallj'  eobjected 
to  this  method  of  trial,  and  that  the  fatal  cases  are  about  50  per 
cent. 

The  Akazga  arriTed  in  bundles,  which  consisted  of  long,  slender, 
and  crooked  stems,  having  their  roots  gensratl;  attached  to  tben, 
hnt  sometimes  their  leaf-bearing  bianchM  only,  and  containiag 
also  a  very  few  complete  plantfli  with  roots,  stem,  and  braacbea. 
The  plant  is  usuatly  about  six  feet  in  length ;  but  some  specimens 
were  only  four,  and  others  as  long  as  eight  feet.  The  bark  is  yel- 
lowish orange,  and  in  some  parts  light  red,  and  it  is  frequently 
covered  with  a  gray  efQorescence.  It  adheres  firmly  to  the  steni, 
bnt  may  be  readily  detached,  after  exposure  to  a  gentle  heat  for 
some  days.  Its  internal  suifaoe  is  light  brown.  The  space  between 
the  hark  and  the  wood  was  found,  in  a  few  pieces,  to  be  occupied 
by  a  large  number  of  minute  sparkling  crystals ;  but  it  has  not  yet 
been  determined  whether  these  consist  of  a  vegetable  or  mineral 
substance.  The  leaves  are  opposite  and  OTal-accuminat«  in  forai ; 
the  apex  frequently  consisting  of  a  linear  prolougation  more  than 
an  inch  in  length.  From  its  general  characterB,  the  plant  is  sup- 
posed to  belong  to  the  Loganiaceee,  but  the  materials  ore  insufficient 
to  identify  it. 

By  boiling  the  powdered  bark  with  alcohol  of  85  per  cent., 
and  distilling  and  evaporatiug  the  tincture,  a  brown  shining  ex- 
tract ia  procured,  weighiug  from  12  to  15  per  cent,  of  the  bark  em- 
ployed. It  has  a  bitter,  non-persistent  taste,  and,  when  treated 
with  concentrated  nitric  acid,  produces  a  brownish-yellow  colour, 
which  is  not  materially  affected  by  heat,  nor  by  solution  of  proto- 
chloride  of  tin.  It  is  obvious  that  the  active  principle  of  Akazga 
is  contained  in  this  extract ;  and  to  separate  it  the  following 
method  has  been  adopted,  after  several  attempts  with  various  pro- 
ceeses :— The  extract  is  treated  with  a  very  dilute  solution  of  tar- 
taric acid,  which  removes  77  per  cent.,  and  filtered.  The  clear, 
yellowish-brown  acid  solution  is  shaken  with  succeasive  portions  of 
ether,  so  long  as  any  colour  is  removed ;  and  by  this  means  also  a 
small  quantity  of  an  aromatic  oil  is  separated  from  it.  After  de- 
cantation,  a  solution  of  cacbouate  of  sodium  is  added  to  the  liquor, 
BO  long  as  it  causes  a  neatly  colourless,  fiocculent  precipitate.  It 
ia  agun  shaken  with  ether,  which  is  decanted,  and  agitated  with 
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tkreai  raccsflBiTO  porttooB  of  distilled  water,  utd  fiBolly  leccived 
IB  a  bottle  ctnktainiDg  a  dilnte  aolution  of  tartaric  acid,  and  shaken 
with  it.  As  sooB  as  the  ethemi  solution  is  brought  in  contact 
with  the  scid,  it  becomes  opaleec«iit,  bat  agaia  assumes  its  normal 
tppeacanoe  oil  agitation.  Tbis  ^ange  is  of  some  value,  as  indi- 
Mtiug  the  fiequencj  with  which  the  alkaline  solution  should  be- 
treated  with  ethei,  u  the  milkiness,  on  contact  with  tartaric  acid, 
is  not  produced  when  the  former  is  exhausted.  On  reaching  this 
•tago  the  tartaric  solution  is  exposed  to  a  geatle  beat — to  free  it 
cwnpletcl;  from  ethei— filtered,  and  Kgua  treated  with  earbonate 
sf  sodium,  1^  means  of  wbidi «  bn^,  colouriess,  and  flocculent 
pncipitate  is  obtained.  This  is  collected  in  a  filter,  washed,  and 
dried,  by  exposnre  to  a  gentle  heat  for  a  short  tim^  and  then  bj 
Ike  aetion  of  sulplinvic  acid  m  vacuo. 

By  this  nie»DB  a  eolonrlees,  amoipheiis  snbstanco  is  obtained, 
^ick  is  the  aotire  principle  of  the  Akazga  peison,  and  wfaioh  pos> 
Besses  the  general  properties  of  a  T«g«table  alkaloid.  Abont  10 
giaiiB  may  be  separated  from  500  grains  ol  the  powdered  stem- 
Wk,  or  2  per  cent.  Akatgia  is  proposed  as  its  name ;  and  it  is 
ksfed  that  when  the  plant  is  described,  if  it  has  been  preyioudy 
uknown  to  science,  Akazga  will  be  adopted  as  its  specific  name^ 
and  tfaas  the  nsotrl  c<»)nection  of  nomcDclature  between  the  vege- 
table alkaloid  and  its  source  will  be  maiDtained. 

Akazgia  is  soluble  in  about  GO  parts  of  sold  absolute  alcohol ;  in 
riMot  16  parts  of  spirit,  of  85  per  cent. ;  in  about  120  parte  of  ail- 
erons SDlplturic  ether ;  and  in  1S,000  parts  of  distilled  water, 
at  a  temperature  of  60°  F.  It  is  freely  soluble  in  chloroform,  In 
Ueulpbide  of  carbon,  in  benzole,  and  in  snlphnrio  ether  of  spe- 
•tfic  gravity  0735.  It  crystedlises  with  difficulty,  bat  it  may  be 
ebtMned  in  the  form  of  mioate  prisms,  by  the  slow  evaporation  of 
a  solntioD  in  rectified  spirit.  An  analysis  of  its  platinum- salt,  and 
k'detenni nation  of  its  combining  proportion  with  dry  hydrochloric 
acid,  yielded  290  in  the  former,  and  293  in  the  Utter,  as  the  equi- 
valent of  Akazgia.  When  heated  it  becomes  yellow,  then  melts,  and 
gives  off  fumes  of  apnngent,  disagreeable  odonr,  and  finally  becomes 
charred,  bat  leaves  almost  no  residue  if  the  heat  be  continued  for  a 
saEBcient  time.  Its  solutions  have  an  alkaline  reaction,  and  neu- 
tralise acids ;  and  the  salts  are  freely  soluble  in  water,  and  have  a 
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very  bitter,  Don-persistent  taste.  Cod  cent  rated  nitric,  hydrochloric, 
Slid  Buliihurio  acida  change  its  colour  to  brown,  but  these  in  a 
diluted  Btate,  ea  well  as  many  of  the  organic  acida,  form  pale,  yel- 
lowish eotutioDS  with  Afcazgia.  It  is  precipitated  from  these  eola- 
tions by  hydrate,  carbonate,  and  bicarbonate  of  sodium,  and  of 
potassium ;  by  iodide,  sulpbocyanate,  fenocyanide,  and  chromate 
of  potassium ;  by  phosphate  of  sodium,  protochloride  of  tin,  tri- 
chloride  of  gold,  dichloride  of  platinum,  potaasio-mercuric- iodide^ 
carbazotio  acid,  tincture  of  galls,  solution  of  iodine,  and  varioua 
other  GubBtaiices,  (ut  tkete  prtcipitatea  are  never  cryelaitine.  Cor- 
roBive  sublimate  causes  an  amorphous  white  precipitate,  which  ia 
dissolved  by  heat,  and  reappears  in  a  non- crystalline  form  when 
the  solution  has  cooled.  Chlorine  produces  an  amorphous,  colour- 
less precipitate,  which  does  not  disappear  on  the  addition  of 
ammonia.  With  concentrated  sulphuric  acid,  and  peroxide  of 
manganese,  bichromate  of  potassium,  or  any  other  of  the  usual 
oxidizing  agents,'the  same  succession  of  colours  is  produced,  from 
blue  to  brown,  which  results  from  a  similar  treatment  of  strychnia. 

The  alcoholic  extract  of  Akazga  possess  physiological  properties 
very  similar  to  those  of  nux  vomica;  and  comparative  experiments 
wete  detailed,  to  show  that  the  active  principle,  Akazgia,  has 
exactly  the  same  actions  as  the  extract,  and  a  proportional  activity 
to  it. 

There  are  several  instances  in  which  a,  Natural  Order  produces 
several  very  similar  active  principles.  In  the  Loganiace»  itself, 
strychnia,  brucia,  and  igasuria  already  exist,  and  these  are  nearly 
identical  in  their  physiological  actions.  Id  chemical  properties, 
brucia  and  igasuria  have  much  in  common,  and  they  aro  both 
readily  distinguishable,  in  this  respect,  from  etrychnia.  Akazgia 
conveniently  completes  this  group,  as  its  chemical  properties  are 
nearly  allied  to  those  of  strychnia,  whilst  its  connection  with  alL 
the  numbers  is  maintained  by  the  similarity  of  its  physiological 
actions. 
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5   Oa  a  Lower  Limit  to  the  Power  exerted  in  the  Func- 
tion of  Parturition.     By  J.  Matthews  Duncan,  M.D. 

In  tbis  paper  the  author's  object  was  to  ehow  what  propelling 
l>ower  was  required  and  produced  to  push  the  foetus  tlirough  the  ■ 
paaeageB  into  the  world  in  the  easiest  deliveries.  The  fact  chiffly 
founded  on,  as  affording  a  basis  for  the  necessary  calculations,  was 
the  occasional  birth  of  the  ovam  entire,  that  ia,  the  membranes 
i-ontaining  the  fcetus  and  liquor  amnii  being  entire  afler  passing 
through  the  maternal  passages.  In  anch  caeee  the  strcngtli  of  the 
amniotic  membrane  was  greater  than  that  of  the  parturient  or  ex- 
pulsive power.  The  expulsive  power  was  in  them  never  so  strong 
hs  to  break  the  .bag  of  membranes ;  and  the  tensile  strength  of  the 
membrane  being  ascertained  by  experiment,  the  propelling  power 
Gonld  be  calculated  from  it. 

In  like  manner,  in  labours  in  which  the  expulsive  efforts  merely 
raptured  the  hag  in  the  last  pains,  or  did  not  increase  in  power 
after  the  rapture,  the  tensile  strength  of  the  membranes  afforded, 
along  with  other  data,  the  means  of  estimating  with  considerable 
certainty  and  exactness  the  effective  force  which  completed  the 
labour. 

One  hundred  expenmenta  were  performed  upon  the  fa3tal  mem- 
branes in  many  different  oaaes,  in  order  to  acquire  data  for  the 
calculations  above  referred  to.  In  conducting  them,  Dr  Duncan 
had  the  assistance  of  Professor  Tait,  who  also  pointed  out  the 
method  of  making  the  computations  from  the  data  acquired  in 
them. 

After  experimentally  aacertainipg  the  tensile  strength  of  the 
membranes,  the  power  of  the  labour  at  the  time  of  the  rupture  of 
the  bag  was  found,  and  it  was  held  that  the  lumen  of  tlie  pnssage 
opened  up  by  the  advancing  ovum  was  circular,  and  of  4^  inches 
in  diameter,  and  that  the  bulge  of  the  unsupported  membrane  was 
hemispherical.  The  force  required  to  rupture  the  weakest  amnion 
showed  that  the  power  of  tbo  labour  was  at  least  4'OS  lbs.,  that  for 
the  strongest  37'58  lbs. ;  and  the  average  power  indicated  by  the 
experiments  on  the  amnion  was  16'7?  lbs. 
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It  was  intereBtiDg  to  point  out  tb»t  although  the  patient  and  a 
ekilled  obseiTer  might  not  remark  any  increased  strength  of  labour 
as  it  odTanced,  yet,  in  ooiaeqaence  of  the  diminished  dimensions 
of  the  uterine  cavity,  its  nuucolar  acti(w,  though  the  same,  had 
greater  effect  or  poner. 

Dr  J.  Poppel  had  made  similar  experiments,  which  anticipated- 
Bome  of  the  results  of  this  paper.  But  hia  mediod  of  experiment' 
■ng  was  open  to  the  grave  ohjection,  that  he  always  supposed  tha  • 
membrane  to  burst  when  in  a  hemispherical  form — as  error  whose 
tendency  is  to  make  the  strength  of  the  membrane  too  litHe,  and 
which  may  aocount  for  the  difference  between  his  results  and  those 
given  in  this  paper. 

Poppel  experimented  on  the  memhranes  of  seven  oases  in  which 
they  burst  "  with  the  birth."  In  these  coses,  according  to  Poppd'a 
method  of  calculating,  and  changing  his  results  only  so  far  as  to 
make  them  comparable  to  those  of  this  paper,  the  power  terminat- 
ing labour  varied  from  about  6  to  about  27  lbs. 

The  interesting  result  is  thus  arrived  at,  thirt  in  some  of  the 
easiest  caseB  of  labour  the  mere  weight  of  the  child,  if  duly  applied, 
gives  a  force  HftfGcient  to  effect  delivery. 

The  aven^  strength  of  the  amnion  fonnd  by  Poppel,  keeping 
in  view  on  apertare  of  2*5  inches  in  radius,  was  aboat  19  Ibe. ;  by 
Dr  Dancan,  about  17  Ibe. 

Dr  Duncan  proceeded  to  ebovliow  an  estimate  could  be  fbrmed 
of  the  force  exerted  in  the  most  difficult  laboars  spontaneously 
terminated.  Jonlin  had  stated  it  as  about  100  lbs.,  while  Dr 
Duncan  believed  it  did  not  exceed  80  lbs. 

Dr  Duncan  then  observed  that  he  knew  of  no  method  of  aseer- 
taining  the  powers  of  ordinary  labours.  But  he  described,  though 
be  did  not  recommend  the  nee  of,  means  by  which  it  oonid  he 
ascertained  in  any  case.  The  essential  part  of  this  was  the  dis- 
covery of  the  pressure  to  whioh  the  pool  of  Hqnor  amnti  retained 
in  utero  after  the  rupture  of  the  membranes  was  subjected  as  the 
labour  progressed. 
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6.  Some  Mathematical  Eesearcbes.     By  H.  Fox  Talbot,  Esq. 


7.  On  the  Small  OscillationB  of  Heterogeneoas  laterpene- 
trating  SystemB  of  Particles,  which  Act  upon  ttuAi  oliier 
aooordiDg  to  Laws  dependent  only  on  their  MatoiJ  Dis- 
tariea.  By  A.  K.  Cation,  M.A.,  Fellow  of  St  John's 
College,  Cambridge. 


8.  Note  on  a  celebrated  Geometrical  Problem.    By 
Professor  Tait. 

The  following  preblem,  originally  proposed  by  Femat  to  Tatn- 
celli,  To  find  the  point  the  sum  of  ti^cK  diilafuset  /run  &rte  given 
foinU  is  the  leatt  pon^le,  HeemH  to  bav«  given  coneideraUo  ImqUo 
totfaeoldermathematiciaDi,  and  even  in  modern  tinieB(sM(lrrejtiry'i 
Egnrnplei,  p.  126)  to  have  been  Bolved  in  a  very  tedtont  ratumer. 
Simpler  aoliiti<mB  have  einoe  been  givM  (0.7.,  CawhrOge  wad  IMAin 
Malhemalieat  Jotumal,  viii.  p.  92),  but  Done,  to  my  knowledge)  ao 
direct  aathat  indicated  by  Qaateinions.  Tbe  objaol  (^itliis  9ot«  ie 
to  Bkow  the  simplicity  of  the  qvatemion  method. 

If.a,/3be  theToctoTsof  twoof  the  given  points,  the  artgia  teing 
the  tliird,  and  if  />  be  the  vector  of  the  required  poist,  we  msat  hftw 
(by  the  conditions  of  the  problem) 

Tp  +  T(a-p)  +  T(yS-p)  a  minimum. 
Henoo  S  [Up  -  TJ(a  -  p)  -  tT^  -  p)]  dp  =  0, 

ftir  all  valnesof  Ut/p.  Hence  the  Tersor  vam  in  sqitare  hcadrets 
must  Tanwh  identically.  The  immediate  interpretation  i^  that 
Hm*  paraliel  to  p,p— a,  p—fi,  form  an  e^ilaleral  tritmgl^  The 
required  point  is  therefore  in  the  same  plue  as  iite  three  given 
points;  and  their  distances,  two  and  two,  subtend  e^nal  anglas  at 
it,  whiek  is  the  well-known  solution. 

Equally  simple  is  the  qoaternion  sedation  of  the  same  pn^lMi 
if  more  points  than  three  be  given.     Let  their  vectors,  to  any 
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origiD,  be  a,  p,  y,  &c.,  and  let  p  be  the  vector  of  the  aonght  point. 

We  have 

S  .  T(a— p)=  miDimum, 

from  which,  as  above, 

5U(a-p)  =  0 (1.) 

Sence,  if  unit  force*  act  at  the  required  point,  in  iha  linesjoining 
■it  toilh  the  given  pointi,  the»eforcei  are  in  eqail^irium.  Or,  in  ftnother 
.'/oriD,  a  cloted  eqvilaleral  gauelie  polygon  mat/  be  drawn  uikoK  ti^M 
are  paraltel  to  the  line*  joining  the  taught  paintt  mth  the  given  one*. 
This  opens  np  some  very  curious  geometrical  specnlatiouB,  which 
I  have  not  time  to  pursue. 

That  there  is  but  one  point  whose  vector  eatisfies  equation  (1) 
may  easily  be  proved  by  quatemicnB,  but  even  mare  easily  by  the 
following  reasoning.  Consider  the  system  of  unit-forces,  just  men- 
tioned, at  any  two  points,  one  of  which  satisfies  the  problem.  It  is 
obvious  that,  if  these  forces  be  referred  to  the  line  joining  the  two 
points,  each  will  be  less  inclined  to  it  at  one  than  at  the  other;  ao 
that,  as  at  one  they  produce  equilibrium,  at  the  other  they  must 
have  a  finite  component  in  the  direction  of  this  line. 
The  quaternion   investigation  at  once  suggests  the  fallowing 

-kinematical  solution  of  the  problem.  Suppose  an  inextensible 
string  to  be  passed  through  a  small  movable  ring,  then  through 
small  rings  at  two  of  the  fixed  points,  then  again  through  the 
movable  ring,  and  so  on — one  end  of  the  string  being  fixed  to  the 
movable  ring  when  the  number  of  given  points  is  odd,  and  to  the 
first  fixed  ring  when  the  number  is  even.  When  the  string  is 
drawn  tight,  «.«■,  when  the  sum  of  the  lengths  joining  each  fixed 
ring  to  the  movable  one  is  a  minimum,  the  movable  ring  will 
evidently  be  in  the  position  of  the  required  point.    Also,  since  the 

-'tension  of  the  cord  is  the  same  throughout,  the  movable  ring  is  kept 
In  eqsilibrinm  by  a  set  of  equal  forces  in  the  diiections  of  tbe  linn 
joining  it  with  the  given  points,  which  is  the  condition  above  found. 
This  kinematical  process,  equally  with  the  quaternion  one,  whose 
form  directly  suggests  it,  gives  easily  the  solution  of  the  more 
genera!  problem, — To  find  a  point  such  that  m  times  its  distance 

'from  A,  togetlier  with  h  times  its  distance  from  B,  ^.,  may  be  s 

minimum. 
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9.  Oa  Vortex  Motion.    By  Professor  Sir  William  ThomBOD  . 

10.  Note  on  the  Kadiant  Spectrum.  By  Professor  Tait. 
This  vas  a  prelimitiary  notice  of  a  set  of  experimeaU,  then  in 
progress  under  yeiy  an  favourable  ciicam  stances,  on  the  rare  occa- 
eiona  when  a  ray  of  Bnnlight  was  procurable.  The  production  of 
the  phenomenon  was  traced  to  the  peculiar  texture  of  the  membrane 
coTeriug  the  cornea.  The  dependence  of  the  whole  on  parallax 
was  conGrmed  by  the  appearance  of  the  radiant  spectrum  in  precisely 
the  same  position  with  reference  to  the  bright  spectrum,  when  it 
was  produced  artificially  by  interposing  a  plate  of  slightly  gronud 
glass  in  the  course  of  the  light,  so  long  as  this  plate  was  sufficiently 
near  the  eye  to  produce  the  phenomenon  at  all.  A  farther  confir- 
mation was  given  by  the  fact  that,  if  the  eye  be  uear  the  prism, 
the  appearance  is  the  same  on  whichever  side  of  the  prism  the 
ground  glass  be  placed.  The  efi'ecta  of  achromatic  prisms,  of 
absorption  by  coloured  glasses,  and  of  the  use  of  various  kinds  of 
homogeneous  light  taken  from  a  pure  spectrum,  were  also  described. 

11.  Note  upon  a  Method  of  varying  Weights  by  Minute 
Quantities.     By  J.  A.  Broun,  F.E.S. 

A  notice  of  a  Oravimeter,  proposed  by  me,  appeared  in  the  Pro- 
ceedings of  the  Boyal  Society  of  Edinburgh  early  in  18G1.  The 
instrument,  with  various  modifications,  was  forwarded  to  me  in 
India  about  three  years  thereafter,  and  was  found  to  have  several 
imperfections  which  could  have  been  corrected  only  by  my  own 
supervision  of  the  work  as  it  proceeded.  His  Highness  the  Rajali 
of  Travancore  has  been  good  enough  to  sanction  a  sum  of  money 
for  the  construction  of  a  second  instrument,  with  all  the  precautions 
experience  has  suggested. 

There  are  two  methods  by  which  the  observations  may  be  made. 
One,  by  which  there  is  a  constant  angle  of  torsion  of  a  single  wire 
giving  a  variable  angular  movement  to  the  weight  suspended  by 
two  wires  (depending  on  the  force  of  gravity  at  the  place  of  obser- 
vation).   The  other,  by  which  the  weight  suspended  is  varied,  and 
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the  anglee  of  torsion  of  the  single  wire  and  movement  of  the  weight 
u»  auutaiit.  This  •econd  method  I  had  at  first  rejected,  as  ex- 
perience had  ahowD  me  the  difBcuIty  of  changing  the  weights 
without  affecting  the  stability  of  the  instrument.  I  desire  now  to 
DoCe  that  I  devised,  about  a  year  ago,  and  communicated  to  different 
BMUJ  of  seience,  a  method  of  varying  the  weight,  snspended  with 
tb»  gmateel  delicacy,  uid  without  jai  to  the  instrument.  This 
nwtbod  eoDsists  in  suspending  from  the  weight  a  metallio  win, 
lAish  vmtma  a  piece-  of  faasometer  tube  fixed  below  the  instrumeat : 
b^  ateuiB  of  »  sorvw  enteting  a  cistern  below  the  tube,  meronry  (or 
another  flmd,  can  be  forced  into  the  tube  so  as  to  immerse  the- 
netaUio  wbe  ia  the  fiuid ;  the  wire  being  propedy  ckoeeBi  as  to 
luaaoas,  or  as  to  its  specific  gravity  compared  with  that  of  the 
fluid,,  aad.  the  height  of  the  fiuid  being  read  to  a  thousandth  of  an 
iaA  as  in  the  barDmeter,  the  weight  suspended  can  be  mado,  by 
tnnuig  the<  cistern -screw,  to  vary  gently  and  gradually,  by  as 
siiike  a  quantity  as  we  plesee ;  while  the  eye  is  occupied  with  the 
oainoidenoes  of  the  telescope  wire  and  its  images,  which  indicate 
the  eonstanoy  of  the  angles  of  torsion  of  the  single  and  double 
vices. 

Although  the  difference  of  the  specific  gravities  is  considerable, 
I  propose  to  employ  iron  for  the  wire  and  mercury  for  the  fluid. 

It  has  occurred  to  me  that  this  method  of  varying  a  weight  might 
be  of  nee  in  other  branches  of  research. 


12.  On  the  Diurual  Variation  of  the  Magnetic  DecliDation 
neat  the  Magnetic  Equator,  and  in  both  Hemispherea. 
Bjt  John  Allan  Broun,  P.K.S.,  late  Director  of  the  Obser- 
tatoiy  of  His  Highness  the  Maharajah  of  Travancore, 
G-.CSJ.,  at  Treva&drum. 
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The  following  Gentlemen  were  elected  Fellowa  of  tbe 
Society : — 

J.  F.  H'LxMKAN,  Eaq.,  AdTOCftte. 
UeT.  W.  Lindsay  Aibzandbk,  D.D. 

The  following  Donations  to  the  Library  were  announced: — 

National  Manuscripts,  from  William  the  Conqueror  to  Queen  Aone, 

selected  nnder  the  direction  of  the  Kaster  of  the  Bolls,  and 

photozincogiaphed  by  command  of  H.U.  Queen  Victoria,  by 

Colonel  Sir Heory  James,  R.E.  Farts  1  and  2.    Southampton, 

1866.  Vol— From  the  Ordnance  Svrvey. 

The  Life,  Times,  and  Scientific  Labours  of  the  Second  Marquis  of 
Worcester.  By  Henry  Diroks,  C.E.  London,  1865.  8vo.— 
From  the  Author. 

Warcesteriana :  a  Collection  of  Literary  Authorities,  affording  His- 
torical, Biographical,  and  other  Notices  relating  to  Edward 
Somerset,  Sixth  Eail  and  Second  Marquis  of  Worcester,  By 
Heniy  Dirclcs,  C.E.   London,  1866.     8vo. — From  the  Attihor. 

Three  Centuries  of  Perpetual  Motion.  By  Henry  Dircks,  C.E. 
London,  1861.     8to.— JVom  tAe  Atiihor. 

Life  of  Samuel  Hartlib,  Account  of  his  Publications,  and  Reprint 
of  an  InTention  of  Engines  of  Motion.  By  Henry  Dircks,  C.E. 
London,  1866.     8vo. — From  the  Author. 

Tbe  Ghost,  as  produced  in  the  Spectre  Drama,  popularly  illustrating 
the  HarTcllouB  Optical  Illnsions  obtained  by  the  Apparatus 
called  the  Dircksian  Fbantasmagorja.  By  Heniy  Dircks,  C.E. 
London,  1864.     8to. — From  the  Auihor. 

Contribution  towards  a  History  of  Electro- Metallurgy,  establishing 
tbe  Origin  of  the  Art.  By  Henry  Dircks.  London,  1863. 
8to. — From  the  Avthor. 

American  Journal  of  Science  end  Arts.     No.  128     New  Haven, 

1867.  8vo.~Frtm  the  Mitort. 

Bnlletin  de  I'Acad^mie  Boyale  des  Sciences,  des  Lettres,  et  des 

Beaux-ArtB  de  Belgiqne.    Ko.  3.    Bmxelles,  1867.    8vo.— 

From  the  Academy. 
Journal  of  tbe  Chemical  Society.    Noa.  52,  63,  54.    London,  1867. 

8to. — From  the  Society. 
Comptes  Eendua  for  1866-67,  etc. — From  &e  Acadewy  of  Seimceg, 

Parit. 
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Journal  of  the  Boyal  Society  of  Arte,  London,  for  ISeS-e?.    8to. 

— From  the  Sodetj/. 
Itfontbly  Notices  of  the  Bojal  ABtronomical  Society,  London,  for 

1866-67.   8vo.~~FTtm  the  Society. 
Proceedinga  of  the  Society  of  AntiquarisB  of  London.    Vol.  HI. 

Nob.  1  and  2.    London,  1865.    8vo.— i^Vvm  the  Sooielj/. 
ArchsBologia,  oi  KiscellaneoTiB  Tracts  relating  to  Antiquity.    Vol. 

XL.     London,  1866.     ito.—From  the  Soeigty  of  AnHqvanea 

of  London. 
Memoits  of  the  Geological  Snrrey  of  India.    Tol.  T.  Parts  3  and 

3.     Calcutta,  1666.     8va.~- From  the  Survey. 
Palsontologia  Indioa.     Vol.  II.  Parts  10-13.     Calcutta,  1866. 

4to. — /Wm  the  Geological  Survey  of  India. 
Annual  Beport  of  the  Oeologiool  Survey  of  India,  and  of  the 

Museum  of  G«ology,  Calcutta,  for  1865-66.    8to.— JVom  the 

Catalogue  of  the  Meteorites  in  the  Uuseum  of  the  Oecdogical 
Surrey  of  India.  Calcutta,  1866.  8vo.— fVom  the  S»r- 
vey. 

Catalogue  of  the  Organic  Bemains  belonging  to  the  Cephalopoda, 
is  the  Muaenm  of  the  Geological  Surrey  of  Indi^    Calcutta, 

1866.  8vo.— From  the  Survey. 

ABtronomical  and  Meteorological  OhBervatious  made  at  the  United 

States  Naval  ObserTatory  during  1864.    Washington,  1866. 

4to. — From  Ae  OUervatary. 
Journal  of  the  Asiatic  Society  of  Bengal.    Fart  I.  No.  3, 1866. 

Part  II.  No.  3, 1866.    Calcutta.    8to.— ^rom  Ae  Sodely. 
Proceedings  of  the  Royal  Society,  London.     No.  92.     Bvo^From 

the  Society, 
Proceedings  of  the  Boyal  Geographical  Society,  London.    Vol.  IX. 

No.  3.     8vo.— /"fwn  the  Society. 
Proceedings  of  the  Meteorological  Society,  London,     Vol  III. 

No.  30.    STO.~From  the  Society, 
Proceedings  of  the  Boyal  Medical  and  Chimrgical  Society  of 

London.     Vol.  V.  No.  17.     8vo.— From  the  Soei^. 
Report  of  the  Proceedings  of  the  Geological  and  Polytechnio 

Society  of  the  Weat  Biding  of  Yorkshire  for  1866-66.    Leeds, 

1867.  8yo.— JWm  the  Society. 
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Beport  of   the    Profesaor  of  AstioDomy  io  the   Univemty  of 

GlBBgow  for  1867.    Glasgow,  1867.    8yo.— JVwn  the  Obier- 

vatory. 
Norember  MeteoiB  of  1866,  aa  obBorred  at  the  United  SUtee 

Naval  Observatory,  Washington.     8vo — From  the  Observatory. 
Qnarterly  Betnm  of  the  Births,  Deaths,  and  Harriages  registered 

in  the  Diviaions,  Counties,  and  Districts  of  Scotland.    Uaroh 

1867.     Edinbargh,  1867.     8to.— JVom  the  Segiatrar-Gtawal. 
UonthlyBetnm  of  the  aame  for  April  1867.     Edinburgh,  1867. 

Sto. — From  the  Regiitrar-Qeneral. 
Die  Fortachritte  der  Fhyaik  im  Jahre,  1864 ;  dargeatsllt  tdq  der 

Fhysikahschen    GeseUschaft    £u    Berlin.     Jahrgang,    XX. 

Abtheilung,  1-2.    Berlin,  1866-67.    %^q.— From  the  Fhytieal 

Soci^  of  Berlin. 
Uonatsbericht  der  Eoniglich  PreoBsisoheD  Akademie  der  Wissen- 

Bchaften  zu  Berlin.      Jan.-Feb.  I8G7.      Berlio,  1667.      8vo. 

' — From  the  Academy. 
SitzuDgsberichte  dei  Xdnigl.  bayer.  Akademie  der  Wisaenschoften 

znUunchen.    Band.  11.  Heft  2,  3, 4.    Uiinchen,  1866.    8to. 

— Front  the  Academy. 
Annalea  dea  Mines.    Tome  X.  Liv.  4-5.    Paris,  1866.    8vo. — 

/Wmi  the  Eeole  dee  Minee. 
Bulletin  de  la  Society  de  Otographie.    AthI  1867.    Paris,  1867. 

8to.— i^rom  the  iSoeiety. 
Atti  dell'  Accademia  Gioenia  di  Scienze  Netnrali.    Tomo  XX. 

Catania,  1865.     4to. — From  the  Academy. 
Atti  dell'  Imp.  Beg.  latituto  Veneto  di  Scienze,  Lettere  ed  Arti. 

Tomo   XI.    Diapensft    5-10;    Tom.    XII.     Dispenaa    1-8. 

Tenezia.     870. — From  the  Institute. 
BiograGadiCarloGhmmellara.  Far Salvator Brancaleone.   Catania, 

1866.  8vo.— ^rom  the  Author. 

Delia  Natura  del  Colera  Asiatico.  Memoria  del  Dott.  Filippo 
Pacini.    Firenze,  1866.    8to. — From  the  Author. 

Bulletin  de  la  SooiSt4  Protectrioe  dee  Animanx.  Hare  1867. 
Paris,  1867.    8^0.— From  the  Society. 

NoTomm  Actorum  Academiie  Oaeaaren  Leopoldlno- Carolines  Ger- 
manics Natnne  Curiosomm.    Vol.  XXXII.   Part  2.    Dreede, 

1867.  4to. — From  the  Academy. 
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OTersigt  over  det  Eongelige  dauske  YideiiBkaberDeB  Selakabs  For- 

handlinger  og  deta  HedlemmerB  Arbeider  i  Aaret  186S.     N'. 

1,2,3,4;  1866,1,2,3,4,5,6;  1867,1,  2,3.     Kjobenhara. 

8vo. — l^om  the  Academy  of  Sciencet,  CopenAagen. 
Uemoirea  do  k  Socifite  Imperiale  des  Sciences  Naturellss  de  Cher- 
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Monday,  2d  December  1867. 

Opening  Address  by  Sir  David  Brewster,  the  President. 
Communicated  by  ProfeBBor  Kelland. 

G-KNTLBUBM, — If  it  IB  the  primary  object  of  our  scientific  inetitu- 
tioDB  to  advance  the  interests  of  science,  to  promote  its  diffusion, 
and  to  extend  its  influence,  it  is  not;  the  least  of  its  secondary 
functions  to  grapple  with  intellectual  error,  and  to  expose  those 
various  forms  of  superstition  and  spiritual  agency  which  are  now 
exercising  such  a  perilous  influence  over  half-educated  minds. 

In  medifeval  times,  when  positive  knowledge  had  hardly  assumed 
a  definite  form,  and  when  the  little  which  did  exist  was  confined 
to  particular  classes  of  society,  minds  of  activity  and  power 
naturally  threw  themselves  into  depths  which  they  could  not 
sound,  or  among  quicksands  from  which  they  could  not  escape,  and 
thus  sought,  in  wild  speculation,  for  the  excitement  and  notoriety 
which  they  eould  not  find  in  patient  research,  fiut  in  an  enlight- 
ened age,  when  real  knowledge  has  made  such  extraordinary  ad- 
vances, and  when  the  open  fields  of  literature  and  science  invite 
into  their  broad  domains  every  variety  of  genius,  and  offer  a  rich 
harvest  of  truths  to  the  patient  reaper,  it  is  difficult  to  discover  how 
men  of  character  and  high  attainments  should  have  surrendered 
themseWes  to  opioions  not  less  visionary  than  the  legends  and 
prodigies  of  the  ancient  mythology. 

From  such  a  high  level  the  stream  of  error  has  a  quick  and  easy 
descent,  permeating  the  more  influential  circles,  but  driven  back 
by  the  shrewd  intelligence  of  the  pious  and  educated  poor.  It  is 
donbtlesB  among  the  middle  and  upper  classes  of  society  that  this 
credulity  and  love  of  the  marvellous  is  most  conspicuons.  It  is 
luxuriant  among  the  gay  and  the  idle,  who  have  been  reared  on 
the  rank  pastures  of  our  fictitious  literature,  and  who  have  no  faith 
in  those  material  forces  and  those  cosmical  laws  which  are  in  daily 
operation  around  them.  But  whatever  be  its  cause,  its  only  cure 
is  a  system  of  secular  and  scientific  education. 

When  the  scholar  has  leamt  to  read,  to  write,  and  to  count,  he 
has  obtained  only  the  tools  of  instruction.     To  acquire  a  knowledge 


.  ,,C~.tx>>^k 


of  Edinburgh,  Seaaioa  1867-68.  175 

of  the  workti  of  God  knd  of  man,  of  the  miracles  of  nature  and  of 
art,  is  the  first  step  in  tlie  civilisation  of  the  people.  Without 
such  information  the  high^t  as  well  as  the  humbleat  of  oui  race  is 
unfit  for  a  place  in  the  social  scale.  He  ma;  have  learned  to  read 
bis  Bible,  and  may  have  read  it.  He  may  have  committed  ia 
memory  every  sentence  of  the  decalogue ;  and  he  may  have  packed 
into  the  storehouse  of  his  brain  all  the  wisdom  of  Solomon,  and  all 
the  divine  precepts  of  One  greater  than  Solomon,  while  he  is 
ignorant  of  everything  above  him,  around  him,  and  within  him. 

To  live  upon  a  world  so  wonderfully  made,  without  desiring  to 
know  its  form,  its  structure,  and  its  purpose; — to  eat  the  ambrosia 
of  its  gardens,  and  drink  the  nectar  of  its  vineyards,  without  in- 
quiring where,  and  how,  and  why  they  grow-; — to  toil  for  its  gold 
and  its  silver,  and  to  appropriate  its  coal  and  its  iron,  without  study- 
ing their  nature  and  their  origin; — to  tremble  under  its  earthquakes, 
and  stand  appalled  before  its  volcanoes,  in  ignorance  of  their  origin 
and  of  their  power ; — to  see  and  to  handle  the  fossils  of  animal 
and  vegetable  life  without  asking  where,  and  how,  and  why  they 
perished;— to  neglect  such  pursuits  as  these  would  indicate  a  mind 
destitute  of  the  intellectual  faculty,  and  unworthy  of  the  life  and 
reason  with  which  it  has  been  endowed.  It  is  only  the  irreligious 
man  that  can  blindly  gaze  on  the  grandeur  and  beauty  of  material 
nature  without  seeking  to  understand  its  phenomena  and  laws. — It 
is  only  the  ignorant  mui  that  can  depreciate  the  value  of  that  true 
knowledge  which  is  within  the  grasp  of  his  divine  reason ;— and  it 
is  only  the  presumptuous  man  that  can  prefer  those  speculative  in- 
quiries before  which  the  strongest  intellect  quails,  and  the  weakest 
triumphs.  "In  wisdom  hast  Thou  made  them  all,"  can  he  the 
language  only  of  the  wise ; — and  it  is  to  the  wise  only  that  "  the 
heavens  can  declare  the  glory  of  Qod,"  and  that  "  the  firmament 
can  show  forth  His  handiwork." 

Under  the  influence  of  views  like  these  I  have,  during  the  last 
thirty  years,  in  various  works  and  on  various  grounds,  pleaded  for 
a  national  system  of  secular  and  scientific  education.  Like  other 
germs  of  truth,  it  excited  the  ridicule  of  ignorance,  and  alarmed 
the  timidity  of  a  political  and  religions  fanaticism ;  hut  as  the 
poorest  seed,  even  when  cast  among  thorns,  sometimes  springs  into 
life,  the  oanse  of  secular  and  scientific  education  lias  been  ^dually 
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entrenchiog  itself  in  tbe  aspirations  of  the  teacher  aod  the  tangbt, 
and  though  not  yet  comprehended  hy  our  stateemen,  it  must  Boouei 
'  or  later  leceive  the  sanction  of  Parliament. 

The  British  Association,  who  have  done  more  for  science  in  a 
qiarter  of  a  century  than  all  the  Grovemmenta  of  England  have 
done  since  the  revival  of  learning,  have  taken  up  the  subject  of 
scientific  education,  and  have  issued  an  elaborate  report  which  can- 
not fail  to  command  the  approbation  of  the  public.  The  rejection 
of  the  School  Bill,  when  twice  submitted  to  the  House  of  Commons, 
warns  us  that  a  tribunal  so  constituted  is  ill  fitted  to  decide  the 
great  questions  in  which  art  and  science,  morality  and  religion,  are 
BO  deeply  concerned ;  but  in  the  great  "  Leap  into  the  Dork," 
mysterious  though  it  be,  and  deep  ub  may  be  the  abyss  into  which 
it  has  plunged  us,  we  may  yet  have  fallen  upon  a  solid  platform, 
from  which  oratorB,  of  a  new  class  and  loftier  aspirations,  may  plead 
the  cause  of  neglected  science,  of  taxed  and  persecuted  inventors, 
and  of  those  higher  and  holier  interests  which  statesmen  have 
failed  to  advance  or  comprehend. 

In  Galling  your  attention  to  this  subject,  it  may  be  useful  to 
mention  that  the  Report  of  the  British  Association  was  drawn  up 
principally  by  Fellows  of  the  Boyal  Society  of  London,  and  that 
they  connt  upon  the  assistance  of  other  institutions  in  carrying  out 
the  work  which  they  have  begun.  That  science  itself  will  be  ad- 
vanced by  teaching  it  in  our  schools,  and  more  fully  in  our  univer- 
flities,  is  a  proposition  too  obvious  to  be  questioned.  A  startling 
fact,  a  striking  experiment,  and  even  a  popular  toy,  has  often 
given  an  impulse  to  genius;  and  some  of  the  greatest  of  our  dis- 
coverers, even  Newton  and  Leibnitz,  spent  their  early  life  in  fiying 
kites,  making  sun-dials,  and  constructing  simple  machines.  The 
smattering  of  science  in  the  school  will  acquire  solidity  in  the 
university,  and  will  re-appear  in  the  workshop  with  valuable  appli- 
cations. It  was  the  chemical  teaching  or  Dr  Block  that  made 
James  Watt  the  greatest  inventor  of  bis  age;  aod  it  was  the  rush 
of  electricity  through  a  mile  of  wire  that  gave  the  electric  tele- 
graph to  the  world. 

Extensive  as  is  the  scheme  of  scientific  iostmction  and  scientific 
training  proposed  by  the  British  Association,  we  would  venture  to 
suggest  that  some  knowledge,  however  email,  of  the  fine  and  useful 
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arte  Bhoold  be  introduced  into  our  schools  and  univeraitieB.  If  we 
cannot  teach  the  arts  of  the  architect,  the  painter,  the  Eculptor, 
and  the  manufactureT,  we  can  at  least  exhibit  and  espUin  the 
most  interesting  of  theit  works,  and  thus  cultivate  in  some  degree 
the  public  taste.  There  is  hardly  a  neighbourhood  where  machinery 
for  almost  every  art,  and  where  the  works  of  the  ancient  masters, 
may  not  be  abown  at  stated  periods  to  the  young;  while  by  the 
facilities  of  locomotion  our  galleries  of  art  and  our  museums  of 
industry  may  be  visited  by  the  humblest  of  our  schools.  Bilt  even 
under  the  village  roof-tree  we  may  cultivate  the  taste,  and  add 
to  the  happiness  of  its  inmates.  We  may  decorate  tbeir  walla 
by  permanent  photographs  of  the  finest  specimens  of  painting 
and  sculpture,  and  through  the  stereoscope  they  may  gaze,  as  if 
on  solid  marble,  upon  the  Apollo  Belvidere,  the  Laclcoon,  and 
the  Venus  de  Medicis,  or  upon  the  modem  productions  of  Canova, 
Thorwaldsen,  and  Chantry.  Even  in  the  plain  farnisbings  and 
simple  utensils  of  the  cott^e  we  may  refine  the  tastes  and  elevate 
the  sentiments  of  the  hardworking  children  of  toil.  The  beautiful 
in  art  and  nature,  equally  the  gift  of  the  great  Qiver,  may  he 
enjoyed  by  the  humhleet  of  onr  race.  The  cup  of  cold  water  will 
taste  the  sweeter,  and  the  goblet  of  wine  the  richer,  when  the  eye 
rests  with  pleasure  on  their  lovely  forms.  The  village  Lavinia 
will  be  "  adorned  the  most"  when  she  has  exchanged  the  apparel  of 
the  ball-room  for  the  simple  drapery  of  a  less  luxurious  age.  Nor 
will  the  cottage  family  be  less  joyous  when,  in  their  plot  of  flower- 
garden,  they  revel  in  the  harmonies  of  colour,  or  when  the  mantel- 
piece or  walla  of  their  dwelling  exhibit  to  them  the  choicest  forms 
of  art,  or  those  scenes  of  the  picturesque  or  the  sublime  with  which 
modern  science  can  so  cheaply  supply  them. 

The  pleasures  of  the  eye  and  the  ear  are  the  cheapest  and 
sweetest  of  our  luxuries,  and  when  they  shall  be  equally  appreciated 
by  the  classes  whom  no  common  sympathy  had  previously  blended, 
or  whom  the  usages  of  a  barbarous  age  had  too  widely  severed, 
society  will  he  welded  by  more  enduring  bonds,  and  new  buttresses 
added  to  the  social  fabric.  The  artisan  or  the  labourer  who  devotes 
his  leisure  hour  to  the  observation  of  nature  or  the  admiration  of 
art,  who  gathers  for  his  family  the  curious  plant  or  tbe  travelled 
pebble,  or  who  presents  to  them  the  elegant  flower  vase  or  the 
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graceful  statue,  is  Dot  likely  to  seek  for  excitement  in  Tillage 
revels,  iu  political  clubs,  or  iu  diBhonest  combisatioDS.  His  moral 
uature  will  rise  with  bis  material  tastes ;  and  while  his  less  instructed 
neighbours  will  look  up  to  him  as  a  model  for  imitation,  his  more 
educated  superiora  will  appreciate  his  acquirements  as  a  companion 

It  is  only  in  those  studies  where  the  eye  becomes  our  teacher, 
that  we  can  unite  in  one  common  pursuit  the  disBevered  classes  of 
society.  It  is  iu  our  galleries  of  art, — in  the  rich  mueeumB  of  our 
cities, — in  our  botanical,  horticultural,  and  zoological  gardens, — or 
in  our  crystal  palaces,  where  art  and  science  are  rivalB,  that  the 
children  of  wealth  and  of  toil  can  assemble  in  the  common  admira- 
tion of  all  that  is  beautiful  and  eublime.  It  is  among  the  remalnB 
of  ancient  and  the  achievements  of  modern  art,  and  amid  the 
beauties  which  we  daily  appreciate,  and  the  lovely  forms  of  organic 
life  which  are  ever  before  ns,  that  we  can  rise  to  a  purer  morality 
and  a  higher  civilisation. 

But  it  is  to  the  middle,  and  even  to  the  upper  classes,  and 
through  them  to  the  nation,  that  scientific  teaching  will  offer  its 
richest  benefits.  The  functionaries  who  administer  our  affairs  are 
in  number  legion.  Without  science,  without  that  elevation  of  char- 
acter which  positive  knowledge  confers,  we  can  readily  understand 
liow  the  greatest  interests  of  the  state  are  mismanaged, — how  inte- 
rests equally  great  are  neglected, — and  how  the  public  wealth  is  reck- 
lessly squandered.  Incompetent  subordinates  assume  the  import- 
ance, and  discharge  the  duties  of  their  chiefs  ;  and  while  the  deep 
problems  of  practical  science  receive  a  wrong  solution,  the  feelings 
and  interests  of  inventors  and  discoverers  are  utterly  disregarded. 

In  this  great  country,  wealthy  by  its  commerce,  its  agriculture, 
and  its  manufactures,  and  in  no  other  country  in  the  world,  even 
the  poorest,  our  numerous  scientific  boards  are  conducted  hy  men 
who  are  too  honest  to  have  any  pretensions  to  science,  and  whose 
aggregate  wisdom,  if  it  exists  at  all,  is  enshrined  in  the  cerebellum 
of  a  secretary  or  a  clerk.  The  parsimony  of  the  Exchequer  grudges 
a  salary  for  the  services  which  science  only  can  supply,  and  con- 
signs to  unpaid  and  irresponsible  bands  the  great  interests  in  which 
>Jife  and  property  are  at  stake. 

^or^jfUl  scientific  education  be  of  less  value  to  the  lawgiver  and 
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to  the  atatesman — to  the  men  who  preside  over  the  life  and  death 
of  the  Dation, — who  moke  ita  Uwb  and  direct  its  battles.*  To  them 
the  British  Association  has  applied  in  vain  for  the  national  leoog- 
uitioD  of  science.  Its  parliamentai;  commit'tee,  presided  over  by 
Lord  Wrottesley  (a  patriotic  nobleman,  now  removed  to  a  brighter 
sphere),  EUid  containing  membeiH  of  both  Honses  of  Parliament, 
have  pleaded  in  vain  for  a  board  of  science,  to  extend  its  infloence 
and  to  introduce  it  into  our  schools.  The;  have  proclaimed  to 
succeBsive  governments  "  that  Bcience  has  not  its  due  weight  and 
importance  in  the  councils  of  the  nation ;"— that  "  a  feeling  per- 
vades the  community  at  large  that  our  country's  welfare,  and  even 
eafety,  depends  on  its  due  encouragement  and  fosteriug;" — and 
adopting  the  words  of  our  great  political  economist,  Mr  Uill,f — 
"  that  no  limit  can  be  set  to  the  importance,  even  in  a  purely  pro- 
ductive and  material  point  of  view,  of  mere  thought," — and  "  that 
every  extension  of  knowledge  of  the  powers  of  nature  is  fruitful  of 
application  to  the  purposes  of  nature  and  life." 

But  there  is  another  class  of  public  servants  to  whom  scientific 
education  must  be  of  great  importance.  Peaceful  as  science  is  in 
its  theoretical  as  well  as  its  practical  aspect,  it  has  often  to  wage  war 
against  pirates ;  and  with  its  meagre  exchequer  to  struggle  against 
the  hoarded  pelf  of  unprincipled  capitalists,  or  the  combined 
resources  of  needy  speculators.  The  discoverer  or  the  inveutor  is 
thus  driven  into  a  court  of  law,  and  our  judges  and  juries  have  to 
decide  in  the  most  perplexing  suits  where  profound  science  can  he 
their  only  guide.  To  decide  against  a  pirate  who  has  stolen  the 
intellectual  property  of  bis  neighbour,  and  can  plead  only  a  mis- 
take in  the  specification  of  his  patent,  is  a  trivial  error,  even  if 
the  decision  is  unjust ;  but  it  is  a  deeper  injustice,  and  one  not  to 
be  forgiven,  when  an  inventor  is  deprived  of  a  property  which  be 
had  provided  for  hia  family,  and  when  the  verdict  rests  either  upon 
the  ignorance  of  the  judge,  or  upon  the  erroneous  appreciation  of 
scientific  testimony. 

•  The  Earl  of  Harrowby,  as  one  of  the  Parfifunentarj  CommitteB  of  the 
British  Awociation,  stated  "  that  thoae  wbo  adminiBter  the  affnira  of  the 
coontry  on);ht,  at  least,  to  know  enough  of  science  to  appreciate  ite  value, 
and  to  be  acqoainted  with  its  wanU  and  hearings  on  the  interesta  of  aociet;." 

t  Political  Economy,  vol.  i.  p.  52. 
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Bat  there  are  still  bigber  inteteste  for  which  a  scientific  education 
ia  essential, — interests  intetiselj  national,  and  affecting  the  well- 
being  of  every  member  of  the  community.  In  expounding  the 
results  of  the  3reat  Exhibition  of  1851,  our  eminent  colleague, 
Dr  Lyon  Ptsyfair,  u  one  of  the  commissioners,  did  not  scruple  to 
tell  the  GloyemmeDt  "  that  all  European  nations,  except  England, 
have  recognised  the  fact  OuU  indtuln/  mutt  in  future  be  supporied, 
not  hg  a  eompetUion  of  local  advanlagei,  hut  by  a  competition  of 
intellect  .  .  .  that  each  foreign  metropolis  rejoices  in  an  in- 
dustrial nuirersity; — that  the  result  of  the  Exhibition  was  one 
that  England  may  well  be  startled  at, — and  that  British  manu- 
factnrers  themselves  were  convinced  that  most  of  the  foreign 
countries  were  rapidly  approaching,  and  sometimes  excelling,  us 
in  those  very  manufactures  which  were  our  own  by  hereditary  and 
traditional  right."  This  voice  of  wisdom  and  of  warning  was 
listened  to  only  by  that  noble  Prince,  who,  but  for  petty  jealousies 
and  rival  interests,  would  have  established  that  great  college  of 
industry,  with  affiliated  Boboola,  whioh  fae  had  annonnced  to  his 
friends. 

The  same  mortifying  lesson,  thus  neglected  by  the  GovemmeDt, 
was  taught  us  by  the  French  Exhibition  of  1^55.  The  British 
jurors  were  so  surprised  at  the  superiority  of  France  and  other 
nations  in  many  of  the  scientific  and  useful  aits,  that  it  became 
the  subject  of  frequent  discussion;  and  at  a  meeting  called  for 
the  purpose,  the  jurors  unanimously  declared  "  that  it  was  only  by 
great  exertion,  nnder  the  most  favourable  circumstances,  that  the 
hitherto  almost  uncontested  superiority  of  Great  Britain  in  the 
mechanical  and  chemical  arts  could  be  maintained."* 
This  second  voice  of  warning,  like  the  first,  found  no  echo 
*  This  meeting  was  attended  bj  Bir  David  Btewstet,  who  was  called  to  the 
chair,  by  Sir  Charlet  Ma&bj,  SecreUrj  to  tha  Institottan  of  Civil  Engineen, 
who  «as  reqnetted  to  act  bs  eecretai;,  and  by  ProfesBor  Orabam,  Muter  at 
the  Mint,  Frafeeaot  Owen,  FiofessuT  Whealstone,  Profeuoi  Cockerell,  Hr 
FairbaJm,  Ur  George  Rennle,  Mr  De  La  Bue,  Mr  Warren  De  La  Rae,  Dr 
HofliDKiiD,  and  Mr  Crampton,  civil  engineer.  Several  Jaiara,  Sir  Charles 
Barry,  and  others  who  were  aauble  to  attend,  warmly  approved  of  tbe  object 
of  Ike  meeting. 

ReBolutioDB  of  a  more  spociSc  nature  were  moved  b;  FroftssoT  Owen, 
Proteeeor  Wheatetono,  and  Profeeaor  Cockercll,  and  it  was  resolved  to  repre- 
sent to  tbe  British  Qovemment  the  convictions  of  the  jurors. 
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sniODg  OBT  Btatoamen.  Foteigu  nations  were  grodtafttlr  out-mn- 
Qing  us  in  the  most  impoitaut  of  our  artH,  and  the  French  la- 
tenuttional  Exhibition  of  18G7  exhibited  even  to  Bome  Britiob 
statesmen  the  infatuation  of  their  policy.  Dr  Flayfaii  and  the 
British  jurors  ^&in  Bounded  the  note  of  alarm.  Lord  G-ranville 
and  Lord  Taunton  have  given  public  expression  to  the  same 
jndpnent,  and  ve  may  therefore  hope  that,  under  a  wider  oonsti- 
taenoy  and  a  wiser  legislatnie,  the  rights  of  science  may  be 
vindicated ;  ami  that  scientifio  instmotios,  beginning  in  onr  schools, 
may  be  extended  to  every  department  of  art  which  contributes  to 
the  wellbeing  of  the  citizra,  and  to  the  wealth  of  the  empii». 

If  thane  views  are  approximately  correct, — if  our  statesmen,  our 
lawgivora,  and  out  oflicial  funotioBaries  are  unacquainted  with 
science  evsu  in  its  popular  aspects,  what  must  be  the  intislleotn^ 
condition  of  the  residue  of  social  life  iu  the  upper  and  middle 
ranks  of  the  oommnuity  1  All  of  as  can  testify,  if  we  had  courage, 
that  there  Is  not  one  person  in  a  hundred  who  believes,  ta  whb 
nnderstandB  if  be  believes,  that  he  lives  upon  a  ball  of  earth  mov- 
ing daily  about  its  axis,  and  annually  around  the  sun ;  and  that 
these  two  motions  are  bo  adjusted  as  to  give  us  that  variety  of 
seasons  on  which  our  daily  bappioess  so  essentially  depends.  How 
few  know  anything  more  of  our  soctnTual  lamp,  than  that  the 
moon  has  horns  in  one  week  and  is  without  them  in  another.  How 
few  know  anything  more  of  the  telescope  and  microscope,  than 
that  they  look  into  one  end  of  a  tube,  and  see  something  nearer 
and  larger  at  the  other.  How  few  know  anything  more  of  the 
barometer  and  thermometer,  than  that  the  one  is  placed  inside  and 
the  other  outside  of  the  house,  oud  that  the  one  tells  us  something 
about  lain,  and  the  other  something  about  cold.  How  few  know 
anything  more  of  their  inner  and  outer  being,  than  that  the  one 
requires  to  be  fed,  and  the  other  to  be  elothed. 

To  such  persons  scientific  instruction  must  be  the  greatest  of 
gifts ;  and  if  we  cannot  wrest  it  from  the  State,  it  becomes  oui  duty 
to  accomplish  by  private  enterprise  what  in  other  oouutries  has 
been  done  by  the  nation.*    The  efforts  of  individuals  must,  of 

■  The  following  valiwbla  obaeivatioaa  by  a  competeat  judge,  Dr  B.  Angtu 
Smith,  F.&.8.,  jnatif;  man;  of  our  mggMtloiii : — 
"  Within  the  lut  thirt;  or  fort;  years  the  violent  attempt*  to  teach  the 
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coaiBd,  be  feeble  in  their  nature,  and  limited  in  their  reanlts;  but 
many  of  the  uobleet  schemes  of  philanthropy  have  Bpning  from 
one  willing  heart,  and  been  achieved  by  one  brawny  arm.  In  the 
field  of  education  there  may  be  many  labourera,  aod  there  is  hardly 
an  educated  person  who  may  not  throw  some  seeds  into  its  soil, 
and  glean  in  return  a  poitioD  of  the  harvest  which  it  yields.  Each 
of  yon  must  feel  some  interest  in  a  parochial  or  other  school,  in 
wbich  the  youth  receive  no  instruction  respecting  the  material  uni- 
verse around  them,  and  the  productions  of  nature  and  of  art  wbich 
are  daily  within  their  reach.  At  a  very  moderate  expense  you  can 
furnish  a  telescope  and  microscope,  a  barometer  and  thermometer, 
a  stereoscope,  a  magic -Ian  tern,  a  magnet,  a  burning-glass,  and  a 
email  electrical  machine  such  as  that  little  globe  of  revolving 
glass  with  which  Faraday  began  his  illustrious  career;  and  with 
this  apparatus,  during  an  hour  or  two  in  each  week,  phenomena 
could  be  displayed  and  illustrated,  which  would  be  a  source  of 
instruction  and  amusement,  relieving  the  monotony  of  the  school, 
and  giving  the  teacher  a  new  power  over  the  minds  and  affections 
of  his  pupils.  Important  as  this  step  would  be,  it  is  but  a  small 
part  of  what  might  be  done  in  conveying  soientifio  instruction. 
people  here,  by  echoolB,  mechanicg'  inatitntes,  and  lectnm,  giTsn  or  prmnoted 
bj  benBTolent  peraoni.  have  wearied  the  bodIi  of  ill  those  who  have  co-oper- 
ated or  eyeu  looked  on  with  intereat.  In  Qermaay,  witboat  any  commotion, 
calml;  end  pleasantly,  the  yonlfas  bave  been  trained  ia  schools  and  coUegea 
nithont  number,  and  ao  thoroughly,  that  they  are  able  to  anpply  foremen 
and  manager!  to  their  own  manufactniera'  eatabliab  menta,  and  to  tend  a  sup- 
ply also  to  foreign  countries.  In  other  words,  whilst  we  have  failed  with  our 
most  violent  eflbits,  and  with  much  noise,  to  teach  oui  own  people,  they  bftve 
succeeded  not  only  to  teach  their  own  citizens,  but  to  assist  in  educating  tbe 
rest  of  the  world.  In  this  matter  of  edacation  the  goveinlnents  b&ve  been 
able  to  mould  tbe  nation's  mind,  and  to  alter  tbe  habits  of  a  leading  portion 
of  it  in  a  few  yeaia.     A  oarefal  education  would  probably  show  its  influence 

in  leas  than  ttn  yeaia We  nqmrt  edueatuM  in  tht  Jundanitntal 

prineipla  iffphyncai  tcKiirx  ;  the  moral  principles,  as  found  in  literature,  are 
not  alone  niScieut  either  for  the  higher  cnltivation  of  the  mind  or  every 
pnrsnit  of  the  useful  arts.  This  applies  to  tbe  rich  and  not  merely  to  tbe 
poor." — Fnettding*  nf  MarKheKer  Phil.  Soeiity,  Nov.  12,  18GT. 

In  reference  to  the  provincial  Uetmtt,  which,  Dr  Baith  says,  "  have  wearied 
the  souls  of  their  promoters,"  there  con  be  no  doubt  that,  if  properly  organ- 
ised by  a  committee  in  onr  Uoivenity  seals,  such  as  tbe  Committee  for  Local 
Examinations,  a  valuable  course  of  scientific  and  literary  instruction  might  be 
provided  for  every  class  of  the  community. 
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In  most  of  onr  proTtQcial  tovna  tbere  is  a  mDBenm  of  natnnl 
hUtory  uid  sntiqaitiea,  which  woald  be  a  valuable  aiuciliar;  in 
teaching  natural  scienoe  in  the  neighbouring  eohools.  Bnt  even 
where  no  ench  collection  exists,  a  small  mnsenm  might  be  estab- 
lished  in  the  humblest  of  them.  Within  their  otd  narrow  sphere 
objects  of  natural  history  might  be  obtained,  and  man;  a  private 
collection  in  the  district  would  suirender  a  tithe  of  its  speci- 
mens for  the  pablio  ose.  Our  Industrial  Museum,  too,  might 
distribute  a  portion  of  its  overflowiug  collections,  and  even  the 
British  Museum  might  contribute  some  of  its  innumerable  dupli- 
cates, and  bring  into  use  its  accumulated  and  unproductive 
(reasurea.  Itinerant  museums,  like  the  itinerant  libraries,  might  be 
chartered  in  the  same  cause,  and  might  sell  or  exchange  the  dupli- 
cates which  are  found  in  different. localities. 

By  these  means  our  school  museums  might  obtain  specimens  of 
the  more  important  rocks  which  form  the  carpentry  of  the  globe, — 
of  the  metallic  ores,  and  the  metale  themselves,  which  are  in  daily 
use, — of  the  more  precious  minerals  which  are  employed  for  the 
purposes  of  art  or  ornament, — and  thus  give  to  the  youthful  student 
some  knowledge  of  the  world  on  which  be  resides,  and  of  the 
elements  of  civilisation  which  it  emboeome. 

In  the  departments  of  Zoology  and  Botany  we  cannot  expect  to 
collect  specimens  for  our  schools,  but  our  travelling  menageries, 
and  the  museums  and  botanic  gardens  of  our  principal  towns,  would 
supply,  to  a  great  extent,  the  means  of  instruction.  But  even 
wlien  these  are  beyond  our  reach,  photography,  and  the  stereo- 
scope which  gives  relief  to  its  pictures,  might  be  advantageously 
employed.  The  photographic  process  will  give  us  accurate  lepre- 
sentations  of  those  objects,  both  of  nature  and  of  art,  which  it 
would  be  desirable  to  describe  and  to  explain  in  the  instruction  of 
youth.  In  the  department  of  zoology,  the  picture  might  be  often 
taken  from  the  living  animal,  standing  before  the  camera  in 
vigorous  life  and  transcendent  beauty;  or  when  this  cannot  be  done, 
from  the  fine  specimens  of  zoological  forms  which  adorn  our  metro- 
politan and  provincial  museums.  With  equal  accuracy  might  be 
represented  the  osteology  and  integuments  of  animals,— the  frame- 
work which  protects  life,  and  to  which  life  gives  activity  and 
power. 
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The  trees  and  plautB  too  of  distant  ssonea  will  ebow  tbemscdirea 
in  true  relief, — the  b&njran  cliDf^ng  with  its  handred  roota  to  the 
(ground, — the  breod-frnit  tree,  with  ite  beneficent  burden,  ot  the 
deadly  npes,  preparing  ite  poiaoa  for  the  arrow  of  the  savage  or 
the  poniard  of  the  aseasein.  With  no  lees  interest  wiU  the  eohool- 
boy  gaze  on  the  etmotares  of  the  inoiganio  worid, — ^the  minerals 
wbich  have  lain  in  the  earth  beneath  his  feet, — the  crystals  which 
chemistry  baa  conjured  into  being,  displaying  to  him  their  geo- 
metric forms,  infinite  in  variety,  and  interesting  ^m  their  rarity 
and  value.  Faint«d  by  the  very  light  which  they  i«9eot,  he  will 
see  the  Koh-i-noor  and  other  diamonds,  and  the  hnge  rabies  and 
Mpphirea  and  emeralds  which  have  adorned  the  ohaplet  of  beanty, 
and  sparkled  in  the  diadems  of  kings.  The  gigantic  productions 
of  the  earth  will  appeal  to  him  with  equal  power— the  ooloasal 
granites  which  have  travelled  in  chariots  of  toe,  the  precipices  of 
ancient  lava,  the  doric  colonnades  of  basalt,  and  the  fossil  giants 
of  the  primeval  world,  which  trod  the  earth  during  ite  prepara- 
tioa  for  man,  imd  have  been  embalmed  in  stone — to  instract  and 
to  humble  him. 

In  acquiring  a  knowledge  of  physical  geography,  of  the  grander 
aspects  of  nature,  their  representations  in  relief  will  be  peculiarly 
instructive.  The  mountain  range,  whether  scarred  with  peaks,  or 
undulating  in  outline  ; — the  volcano  ejecting  its  burning  missiles  ; 
— the  fixed  or  the  floating  iceberg ;— the  glacier  and  ite  moraines ; 
— and  even  the  colossal  wave,  with  its  foaming  crest,  will  be  por< 
trayed  in  all  the  grandeur  of  nature. 

The  woi^B  of  human  bauds,  too,  will  stand  before  the  scholar  in 
their  pristine  condition,  or  their  mined  grandeur; — the  monuments 
by  wbioh  sovereigns  and  nations  perpetuate  their  names ; — the 
pyramids,  with  their  mysterious  legacy  to  science  ; — the  gorgeous 
palaces  of  kings ;— the  garish  temples  of  superstition  ;^-and  the 
bastions  and  strongholds  of  war,  will  be  seen  as  if  the  observer 
were  placed  at  their  base,  and  warmed  by  the  very  sun  wbich 
shines  upon  their  walls. 

Although  few  of  our  villi^e  youth  may  become  scnlptore,  yet 
the  sight  of  ancient  statues,  in  actual  relief,  and  in  their  real  ap- 
parent fliagnitude,  cannot  fail  to  instruct  and  to  teflne  them.  To 
t;aze  upon  the  masterpieces  of  ancient  art,  standing  in  the  very 
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lialli  wbiot  tbey  occupy,  or  to  contemplate  the  che^  d'eeuvnt  of 
modem  oi  living  artists,  with  the  sculptor  himself  Btanding  by 
theii  side,  mnst  excite  an  iateiest  of  no  ordinary  kind. 

The  works  of  the  architect,  the  engineer,  and  the  meohaiust, 
may  also  be  exhibited  in  full  relief  at  our  schools ;.— the  gigantic 
aqnedactB  of  ancient  and  modem  times ; — the  Tiadnota  and  bridges 
which  Bpao  onr  valleys  and  our  rivers  ; — and  the  living  machinery 
ia  our  factories  and  workshops,  which  toil  daily  for  our  benefit, 
and  supply  the  commerce  of  tlie  world. 

With  such  means  in  our  power,  cheaply  obtained,  and  easily 
applied,  a  large  portion  of  scientifio  instruction  may  be  instilled 
into  the  youth  of  out  schools, — familiarising  them  with  the  works 
of  their  Uaker,  and  preparing  them  for  the  reception  of  that 
higher  reveUtion  with  which  the  tmths  of  science  cannot  fail  to 
barmoaiso.  The  knowledge  thus  imparted  will  not  be  confined  to 
the  schoolroom.  It  will  elevate  the  amnsemeDts  of  tbe  holiday 
and  the  leisure  hour.  It  will  pass  into  the  cottage,  amusing  aud 
enlightening  its  inmates.  It  will  find  its  way  into  tbe  workshop, 
giving  skill  to  the  workman,  and  value  to  his  work.  It  will  in- 
sinuate itself  into  the  Berrants'  hall,  and  even  into  tbe  boudoir  and 
the  drawing-room,  returning  an  neurious  interest  upon  the  liber- 
^ity  which  introduced  it  into  the  school.  Thus,  diffused  among  our 
now  popular  constituencies,  and  appreciated  by  those  above  them, 
tbe  truths  of  science  may  rise  into  tbe  regioDs  of  legislation,  wreeting 
from  the  still  reluctant  statesman  a  measure  of  secular,  scientific,  and 
compulsory  education,  by  which  tbe  benighted  and  criminal  popu- 
lation around  us  may  be  taught  to  fear  God  and  honour  the  King. 


In  confomiity  with  the  usnal  practice  of  tbe  Society,  the  fol* 
lowing  brief  notices  are  given  of  deceased  Members,  arranged 
alphabetically.  In  calling  your  attention  to  tbe  present  state  of 
our  Society,  1  regret  to  state  that  onr  losses  during  the  past  year 
have  been  severe,  not  only  in  their  number,  but  in  the  talent  and 
reputation  of  our  deceased  colleagues. 


Sir  Aeobibald  Alison,  Bart.,  was  the  younger  son  of  tbe  Bev. 
Archibald  Alison,  LL.B.,  a  Fellow  of  this  Society,  who  was  for 
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many  yeore  senior  clergynian  of  the  Episcopal  Cbapel  in  the 
Cowgate,  Edinburgh.  His  eon  Archibald  naa  bora  at  Eenley,  ia 
Sbiopsbire,  in  December  1792.  In  1800,  hie  father  removed  to 
Edinburgh,  where  his  two  sons  received  their  education,  and  studied 
at  the  University,  when  its  more  important  chairs  were  filled  by 
Dugald  Stewart,  Flayfair,  and  Leslie.  Having  choeen  the  law 
as  his  profession,  be  was  called  to  the  Bar  in  1814.  In  the  same 
year  he  made  a  tour  on  the  Continent,  and  in  conjunction  with  bia 
friend  Patrick  Fraser  Tytler,  who  accompanied  biib,  he  published 
an  interesting  acconnt  of  it,  entitled  "Travels  in  France  during 
the  years  1814-15,  comprising  a  residence  at  Faris  during  the  stay 
of  the  Allied  Sovereigns,  and  at  Aix  at  the  period  of  tbe  landing 
of  Bonaparte."  In  1822  he  was  made  an  advocate -depute,  an 
office  which  be  filled  with  great  credit  till  the  downfall  of  the 
Wellington  Administration  in  1830;  and,  as  the  resnlt  of  liis 
experience  in  that  office,  in  1831  be  published  his  work,  in 
two  vols.,  "On  tbe  Principles  and  Practice  of  the  Criminal  Law 
of  Scotland."  On  the  return  of  the  Duke  to  power  in  1834,  Mr 
Alison  was  appointed  to  the  Slierifi'dom  of  Lanarkshire,  an  office 
which  be  held  to  the  end  of  his  life.  Although  his  special  duties 
as  Sheriff  occupied  mnch  of  bis  time,  be  yet  found  leisure  to 
prosecute  his  literary  studies.  During  bis  visit  to  tbe  Continent, 
when  indignant  Europe  had  sent  tbe  first  Napoleon  into  exile. 
Sir  Archibald  conceived  the  idea  of  writing  "  Tbe  History  of 
Europe,  from  tbe  commencement  of  the  French  Bevolution  to 
the  BestoratioQ  of  the  Bourbons  in  1816."  Before  he  quitted 
Edinburgh  he  bad  published  tbe  first  two  volumes  of  this  able 
and  [ropular  work,  and  the  third  and  fourth  were  nearly  ready  for 
the  press  when  he  removed  to  Glasgow,  where  he  completed 
l.lie  work  in  fourteen  volumes.  In  1852  he  began  to  publish  a 
continuation  of  it  in  six  volumes,  under  tbe  title  of  the  "The 
History  of  Europe,  from  the  Fall  of  Napoleon  in  1815  to  the 
Accession  of  Louis  Napoleon  in  1852."  In  1848  he  published  his 
"  Uititary  Life  of  the  Duke  of  Mariborougb,"  and  in  1859  bis 
"  Lives  of  Lord  Gastlereagh  an  1  Lord  Londonderry."  Sir  Archibald 
is  also  the  author  of  a  "  Treatise  on  the  Principles  of  Population," 
which  appeared  in  1840,  and  of  a  great  number  of  interesting 
nrticles  on  various  literary  and  political  subjects  in  Blaclavood't 
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Magoiine,  a  Belection  from  which  was  published  in  three  volnmee. 
In  1852  he  received  the  hoDOur  of  a  Barouetcj  from  the  Earl  of 
Uerhy  during  hia  short  term  of  office. 

Although  of  a  robuit  conatitutioD,  Sir  Arcbibald  wae  attacked 
vith  a  Bevere  affection  of  the  throat  in  the  beginning  of  May 
1867,  and  on  the  23d  of  the  same  month  be  died  at  FoBsil  House, 
near  Qlosgow,  in  the  eeventj-fifth  year  of  his  age.  Sir  Arctibalil 
was  married  in  1825  to  the  youngest  daughter  of  Colonel  Patrick 
Tytler,  the  brother  of  Lord  Woodhouselee,  who  still  surriTes  him ; 
and  he  has  left  a  daughter,  and  two  sons,  who  have  both  dia- 
tingnished  tbemselveB  in  the  armj. 


Albsahder  Dallas  Baohe,  LL.D.,  an  emioeDt  natural  philosopher 
and  engineer,  was  a  descendant  of  the  celebrated  Franklin.  He 
graduated  at  the  Military  Academy  at  West  Point  In  162fJ,  and  held 
BUcb  a  high  rank  in  hie  class  that  he  was  immediately  appointed 
Professor  of  Engineering  in  that  institution,  hut  he  held  the  chair 
only  for  a  year.  After  serving  as  an  ofBcer  in  the  oorps  of  Engineers, 
for  three  years,  he  was  appointed,  in  1827,  to  the  chair  of  Natural 
Philosophy  and  Chemistry  in  the  TJniverBity  of  Pennsylvania,  the 
dutiesof  which  be  discharged  with  distingniabed  ability.  In  1833, 
he  was  elected  superintendent  of  the  Girard  College,  which  had  been 
established  in  Philadelphia  under  the  princely  bequest  of  Stephen 
Girard.  In  1843,  on  the  death  of  Professor  Karsler,  be  was  appointed 
superintendent  of  the  United  States  Survey,  a  position  in  which,  for 
a  period  of  twenty-three  years,  he  exhibited  high  scientific  acquire- 
ments and  unrivalled  administrative  talents.  Hia  annual  reports 
to  Congress  form  a  series  of  valuable  contributions  to  science,  and 
have  been  much  admired  in  every  part  of  Europe.  While  he  was 
president  of  Girard  College,  between  1836  and  1841,  he  was  directed 
by  the  Board  of  Trustees  fo  report  upon  tho  state  of  education  in 
Europe.  With  this  view  be  spent  a  year  abroad,  accompanied  by 
his  wife,  and  published  in  1839  the  result  of  his  inquiries.  On  thii; 
occasion  he  visited  Scotland,  and  I  had  the  great  pleasure  of  a 
visit  from  this  distinguiehed  philosopher. 

When  the  Congress  estabtisbed,  on  the  3d  March  1863,  their 
National  Academy  of  Science,  he  was  unanimously  elected  their 
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linit  PiMident  foi  six  yean.  He  diaoharged  the  dutim  of  this  office 
till  tbe  time  of  his  death.* 

Dr  Bache  was  a  correspoDding  member  of  the  French  Academy 
of  Soiencea,  and  of  varioua  other  leonied  Booieties. 

He  died  at  Washington  in  1867,  and  left  a  widow,  who  bad  been 
the  oompanion  of  his  laboure. 

Jakcb  Black,  K.D.,  an  eminent  physioian,  was  boTa  in  1787. 
He  began  the  study  of  medJoine  in  the  Univenity  of  Edinburgh 
in  1606,  and  beoame  a  licentiate  of  the  fioyal  College  of  Surgeons 
in  1808.  In  1809  he  was  appointed  an  assistaDt  anigeon  in  the 
Boyal  Navy,  and  in  the  following  year  was  appointed  surgeon  to 
tbe  Raven  sloop-of-war,  in  which  he  served  on  tbe  coast  of  Spain 
daring  the  Peninsular  war. 

After  practising  his  profession  for  a  short  time  in  Newtoo- 
Stewart,  he  went  to  Bolton,  in  Lancashire,  where  he  remained 
till  1839,  when  be  removed  to  Manchester  for  the  edncation  of  hie 
family.  In  1840  he  was  appointed  physician  to  the  Union  Hos- 
pital, and  lecturer  on  forensic  medicine  in  the  Medical  SchooU 

As  a  member  of  the  Philosophical  Society,  of  which  he  was 
chosen  President  in  1859,  he  contributed  to  its  "  Transaction b"  many 
papers  on  Antiquities  and  G«ology,  and  enriched  its  Mueenm  with 
numerous  specimens  of  tbe  rocks  and  fossils  of  Sonth  Lancashire. 
In  1853  he  was  elected  president  of  the  Provinciat  Uedioal  Asso- 
ciation, organised  by  the  late  Sir  Charles  Hastings  of  Worcester; 
and  he  was  one  of  the  original  members  of  the  British  Association 
which  met  at  York  in  1881.  In  1818  be  letumed  to  Bolton,  where 
he  remained  for  eight  years,  carrying  on  with  activity  the  scientific 
pursuits  of  his  early  life.  In  1856  be  returned  to  Edinburgh, 
where  he  was  elected  a  Fellow  of  this  Socie^  in  1857,  and  read 
several  papers  at  its  meetings.  Dr  Black  was  a  Fellow  of  the 
Qeolo^oal  Societies  of  London  and  Pane,  a  member  of  the  Medico- 
Chimrgical  Society  of  Edinburgh,  of  tiie  Social  Science  Associa- 
tion, and  of  the  Historic  Society  of  Lancashire ;  and  he  contributed 
several  papers  to  their  "  Proceedings."    Dr  Black  wag  also  an  active 

*  The  ODlf  separate  vork  which  he  pabliahed  beaide  his  Toluine  on  Educa- 
tion, was  aa  edition  of  Brewatar's  Optics,  with  copioni  notes  and  a  large 
appendix. 
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ooDtribntoi  to  diffeient  medical  and  ecieutifio  jonrnak ;  and  it  is 
wonderful  how,  amid  the  ooonpationa  of  an  eztensire  practice,  he 
could  have  found  ieisure  for  such  a  variety  of  pnreuite.  Hia  various 
writiugs,  which  are  too  Dnmerous  for  insertion  here,  appeared  as 
separate  aiticlM,in  the  "Proceedings"  of  the  societies  to  which 
be  belonged,  in  the  medical  and  scientific  journals  of  London  and 
Edinburgh,  and  in  the  newspapers  of  the  localities  in  which  his  lot 
was  caat.  Di  Black  was  a  devoted  philanthropist,  and  a  defender 
of  Scripture  against  science,  falsely  so  called.  He  died  at  Edin- 
burgh on  the  30tb  April  1867,  in  the  eightieth  year  of  his  age, 
leaving  a  widow  and  two  sons  to  lament  his  loss. 

AuzANDiR  Bbtson,  an  eminent  naturalist,  was  txmi  at  Edin- 
burgh on  the  12th  October  1816,  and  was  the  eldest  son  of  Robert 
Biyson,  senior  partner  in  the  celebrated  firm  of  clock  and  watch- 
makers. After  receiving  his  preliminary  education  at  the  High 
School,  he  was  apprenticed  to  a  watch  and  clock  maker  in  Mnssel- 
burgb,  and  subsequently  went  to  London  to  acquire  a  higher 
knowledge  of  his  profession.  On  his  retom  to  Edinbnrgb,  after  a 
year's  absence,  he  was  received  into  partnership  with  his  father 
and  brother;  and  was  then  able  to  pursue  his  scientific  tastes,  by 
attending  the  classes  of  Chemistry  and  Natural  Philosophy  in  the 
University,  and  the  lectures  delivered  in  the  School  of  Arts.  Mr 
Bryson  was  elected  a  Fellow  of  this  Society  in  1858,  and  con- 
tributed to  its  "  Transactions"  the  biographies  of  Sir  Thomas  llfak- 
dcugal  Brisbane  and  Dr  John  Fleming,  and  other  papers,  on  the 
Preservation  of  Footprints  on  the  Sand.andon  the  Boring  of  tbePho- 
ladidee.  He  was  elected,  in  1860,  President  of  the  Royal  Society  of 
Arts,  to  which  he  contributed  several  papers,  for  one  of  which,  on 
the  Method  of  detecting  the  Presence  of  Icebergs  in  Darkness,  he 
received  the  Hepburn  Prize.  He  was  elected  President  of  the  Boynl 
Physical  Society  in  1863,  and  contributed  a  large  number  of  papers 
to  its  "  Proceedings."  Mr  Bryson  was  likewise  a  member  of  the  So- 
ciety of  Scottish  Antiquaries,  the  Botanical  Society,  the  Qeological 
Societies  of  Loudon  and  Edinburgh,  and  the  British  Association,  at 
whose  meetings  be  read  various  papers,  chiefly  on  geological  subjects. 
Mr  Bryson  died  at  Hawkbill  on  the  7th  December  1866,  in  the 
fifty-first  year  of  bis  age. 

VOL.  VI.  2  B 
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ViOTOB  CoDSiH,  a  distiogniehed  philosopher,  was  bora  id  Paris  on 
the  28th  November  1792,  and  was  the  son  of  a  watchmaker.  He 
was  ednaat«d  at  the  Charlemagne  Lyceum,  and  he  waa  bo  die- 
ting^ished  a  pupil,  that;  at  the  competitione  in  all  the  Freocb 
Lyceams  he  carried  off  the  principal  prize.  Consin  had  at  first 
resolved  to  follow  music  as  a  profession,  but  having  attended  the 
leotorea  of  Boyer  GoUard  on  the  History  of  Ifodem  Fhiloaophy, 
they  mode  snch  a  deep  impression  upon  him,  that  he  devoted  him- 
self to  the  study  of  literature  and  philosophy.  In  1812  he  was 
appointed  assistant  teacher  of  Greek  in  the  ^le  Normals  for 
training  profesaora,  and  he  afterwards  became  a  piofessoi  in  the 
same  institution.  On  the  return  of  Xapoleon  from  Elba  he  enrolled 
himself  among  the  Boyalist  Volunteers ;  bnt  on  the  Restoration  of 
the  Bourbons  he  resumed  his  studies,  and  though  only  twenty-three 
years  of  age,  he  was  appointed  the  successor  of  Boyer  CoUard  at  the 
Sorbonne.  In  thu  new  position  he  assailed  the  opinions  of  the 
Doctrinaires,  and  expounded  those  of  Beid  and  Dugald  Stewart, 
which  Boyer  CoUard  had  first  made  known  in  France.  A  visit  to 
Qermany,  however,  unsettled  his  opinions,  and  on  his  retnm  to 
France  be  expounded  the  views  of  Kant,  Hegel,  Fichte,  and 
Schelling.  Under  the  Bestoration  the  boldness  of  his  metaphysics 
exposed  him  to  the  royal  displeasure.  Suspended  from  hie  pro- 
fessorship, be  became  tntor  to  the  present  Duke  of  Uontebello,  and 
while  he  held  that  position  ho  prepued  his  editions  of  Froclns  and 
Descartes,  and  his  translation  of  Plato.  During  a  visit  to  Germany 
in  1S25,  he  was  arrested  at  Dresden,  on  the  supposition  of  his  belong- 
ing to  the  Carbonari,  and  being  transferred  to  Berlin,  he  lay  in  prison 
for  six  months.  On  his  return  to  Paris  he  opposed  the  YilUle 
ministry  along  with  Ontzot  and  Yillemain,  bnt  be  was  restored  to 
his  professorship  under  the  more  liberal  ministry  of  Uartignacb. 

Under  the  Orleans  dynasty  Cousin  obtained  high  preferment. 
Before  the  close  of  1830  he  waa  made  Councillor  of  State,  Member 
of  the  Boyal  Council  of  Publio  Instmotion,  ProfesBor  in  the 
Sorbonne,  Director  of  the  &ole  Normale,  and  Member  of  the  French 
Academy.  In  1832  he  was  made  a  Peer  of  France,  and  a  Member 
of  the  Academy  of  Moral  and  Political  Sciences.  During  the  short 
ministry  of  Thiers  in  1840,  he  filled  the  office  of  Minister  of  Public 
Instruction. 
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After  the  Bevolntion  of  Ft^braary  1848,  Gonein  ceased  to  take  a 
part  in  political  affain.  At  the  ioBtance  of  Creneral  GuTagnac, 
howeTer,  he  published  a  popular  edition  of  bb  Profiitioti  de  foi 
d'un  vicaire  Savoyard,  and  of  his  Juititx  et  ChariU,  in  which  he 
attacked  the  Bocialisin  of  the  day.  In  order  to  please  the  clerical 
party,  he  republished  several  of  hia  former  lectures  in  a  volume, 
eutitled  Da  Vrai,  Du  Beau,  et  Dw  Bien.  Daring  the  last  twenty 
years  his  chair  in  the  Sorbonne  had  been  filled  by  a  substitute, 
and  in  1852  he  was,  along  with  Gruizot  and  ViUeraain,  placed  on 
the  retired  list,  with  the  rank  of  Honorary  Professor. 

Between  1818  and  1665  Cousin  produced  many  valuable  works. 
In  1642  he  edited  the  Penaia  of  Pascal,  in  which  the  original  text 
was  restored.  In  1653  he  began  hia  historical  biographies  of  the 
most  remarkable  women  of  the  18th  oeDtnry,  of  Madame  de 
liongneville,  Madame  de  Sabl6,  Madame  tie  Chevreuse,  Madame  da 
Huntefort,  and  Jacqueline  FasoaL  In  186S  he  piihlisbed  his 
Qeaeral  History  of  Fhiloiophy  /rem  the  mott  remote  time*  dovn  to 
the  18fA  Century.  His  works  inolnde  bis  Philotophieal  Fragmemii, 
in  2  vols.,  bis  editions  of  Plato,  Proclns,  and  Descartes,  hia  Meta- 
phytic*  of  Aristotle,  hie  Scholeutie  Philosophy,  his  XecfurM  on  iht 
Philosophy  of  Kant,  ilia  Lectures  on  the  History  of  Scottish  PhiloaojAy, 
including  an  account  of  Hutcheson,  Beid,  Dugald  Stewart,  Beattie, 
aud  FergUBon,  and  hia  Literary  Fragments.  He  contributed  also 
many  papers  to  the  Memoirs  of  iht  Academy  of  Moral  and  Politieai 
SeiatMs,  aud  to  the  Joitmal  de*  Savants,  aod  the  Bevue  des  Deux 
Mondes. 

Owing  to  his  failing  health.  Cousin  had  for  several  years  spent 
the  winter  at  Cannes.  When  be  went  there  in  December  1866, 
the  state  of  his  health  was  by  no  means  alarming;  but  he  was  taken 
ill  in  the  beginning  of  the  present  year,  and  he  died  on  the  15th  of 
January,  in  the  seventy-fifth  year  of  bis  age. 

Hknbt  Home  DBUHUONn,  Esq.  of  Blair  Dmmmond,  was  bom  in 
1783,  and  was  the  grandson  of  the  celebrated  Lord  Eames.  He 
was  educated  at  the  High  School  of  Edinhnrgh,  where  he  distin- 
guished himself  as  a  classical  scholar,  and  he  afterwards  studied  at 
Oxford,  where  he  took  the  degree  of  LL.B.  Having  been  educated 
for  the  bar,  he  was  admitted  a  member  of  the  Faculty  of  Advocates 
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in  1808.  In  1812  he  was  appoiDted  one  of  the  depute- advocatea, 
and  during  hie  ooDtinuance  in  that  office  he  was  entruBted  with  the 
utADagement  of  a  large  part  of  the  oriininal  bneinesB  of  Scotland, 
at  a  time  when,  in  the  State  triale  of  from  1807  to  1821,  courage 
as  well  as  skill  was  required  in  the  puhlio  prosecutor.  Having 
discharged  with  distinguished  ability  the  duties  thus  imposed  upon 
him,  he  resigned  his  appointment  in  1821,  luid  relinquished  hie 
general  practice  at  the  Bar, 

In  1821  Mr  Drummond  entered  Parliament  as  member  for  the 
county  of  Stirling,  and  he  continued  to  discharge  his  parliamentary 
duties  till  1852,  when  he  resigned  in  favour  of  his  friend  and 
neighhaur,  Mr  Stilling  of  Eeir.  During  that  long  period  of  public 
Bervice  he  gave  valuable  aid  in  passing  the  Tarious  statutes  relating 
to  Scotland ;  but  the  country  is  under  special  obligations  to  him 
for  the  Turnpike  and  Statute  Labour  Acts,  the  Salmon  Fishing 
Aot  of  19  Creo.  lY.,  and  espeoiaUy  the  Act  for  the  Recovery  of 
Small  Debts,  which  confers  the  most  signal  benefits  upon  the 
poor. 

Aa  a  country  gentleman,  a  landlord,  and  an  ardent  and  skilful 
improver  of  his  estates,  his  name  will  be  long  remembered  in  hia 
uonnty.  Although  it  is  to  Lord  Eames  that  we  owe  the  happy 
idea  of  Sealing  away  to  the  Forth  the  moss  which  covers  the  rich 
alluvial  soil  beneath  the  Blair  Drummond  Hose,  it  was  his  grandson 
who  completed  this  great  enterprise,  and  converted  into  a  fertile 
field  thie  wide  and  useless  expanse. 

Mr  Home  Drummond,  who  bad  long  been  in  feeble  health, 
died  in  September  1867.  He  was  married  to  Miss  C.  Moray  of 
Abercaimey,  and  has  left  behind  him  two  sons  and  a  daughter — 
Mr  G.  Stirling  Home  Drummond  of  Ardoch,  who  succeeds  to  the 
paternal  estates ;  Mr  C.  Home  Drummond  Moray  of  Abercaimey ; 
and  Her  Grace  The  Dowager-Duchess  of  Athole. 

MioHAXL  Fabadai,  a  distinguished  chemist,  was  bom  at  Newing- 
lon  Butts,  Surrey,  on  the  22d  September  1791.  His  father  was  a 
smith,  and  at  the  age  of  fourteen  he  was  apprenticed  for  seven 
years  to  a  bookbinder.  In  1812  he  became  a  journeyman  book- 
binder, Bud  in  that  year  he  attended  the  coarse  of  lectures  of  Sir 
U.  Davy,  in  the  Boyal  Institution.    Having  sent  to  Sir  Humphry 
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the  notee  which  he  hail  taken  of  hia  leclurea,  and  reqnested  bis 
BsaiBtance  in  ofatainiog  some  position  which  would  allow  him  to 
pnrane  his  acieDtific  tastea,  Sir  Humphi;  kindly  attended  to  his 
requeat,  and  procured  foi  him  the  place  of  chemical  aaaistont  in 
the  laboratory  of  the  Royal  laatitntioD.  Faraday  entered  upon 
this  office  in  Uarcb  1813,  and  at  Sir  Humphry's  request  he 
accompanied  him  as  his  amanuensis  on  his  tour  to  the  Continent 
in  1814,  Upon  their  return,  in  1815,  Faraday  resumed  bis  place 
at  the  Royal  Institution,  and  began  that  course  of  experimental  re- 
search which  led  htm  to  such  brilliant  discoveries. 

In  Uay  1821  he  was  appointed  superintendent  of  the  house  and 
laboratory  of  the  Institution.  In  1823  be  waa  elected  a  correspond- 
ing member  of  the  French  Academy  of  Sciences.  On  the  death  of 
Dalton,  in  1844,  he  was  elected  one  of  the  eight  Foreign  Associates 
of  that  distinguished  body;  and  since  the  death  of  Humboldt, 
he  has  been  the  eldest  member  in  that  cIbsb  of  the  Academy. 
In  1824  he  was  elected  a  fellow  of  tbe  Royal  Society  of  London, 
and  for  bis  brilliant  discoTeriea,  recorded  in  tbeii  Transactions,  he 
raceiTsd  successively  the  Copley,  Rumford,  and  Royal  Medals, 
being,  with  one  exception,  the  only  person  who  has  received  all  the 
medals  which  the  Royal  Society  can  bestow.  In  1827  he  published 
his  work  on  Chemical  Manipulation,  which  reached  a  second  edition 
in  1836,  and  a  third  in  1842.  In  1829  he  was  appointed  Lecturer 
on  Chemistry  to  the  Boyal  Military  Academy  at  Woolwich,  In 
1832,  when  the  British  Association  met  at  Oxford,  he  received  the 
degree  of  D.C.L.  In  1833  he  was  appointed  Fullerian  Professor  of 
Chemistry  in  the  Boyal  Institution.  In  I8S5  Lord  Melbourne 
granted  him  a  pension  of  L.300,  in  recognition  of  his  great  dis- 
coveriee.  In  1836  he  was  appointed  scientific  adviser  to  the 
Trinity  Honse,  in  reference  to  the  lightbonsee  under  their  manage- 
ment, and  in  the  same  year  he  was  nominated  one  of  the  senate 
of  the  University  of  London.  In  1842  he  was  made  Cbevaliei  of 
the  Prussian  Order  "  Pour  fc  MeriU,"  founded  by  Frederick  the 
Great,  and  recently  extended  to  men  of  science  and  learning,  who 
are  recommended  by  the  Royal  Berlin  Academy  of  Sciences.  In 
1855  he  received  the  decoration  of  Commander  of  the  Legion  of 
Hunour,  and  he  obtained  similar  decorations  from  other  sovereigns. 

In  1855,  he  published  his  "  Observatiouii  on  Mental  Education," 
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a  lectare  delivered  before  Priace  Albert,  in  which  he  advocstea 
tlie  teftcbing  of  natural  science  in  onr  schools  and  colleges. 

Id  1858  Her  Majesty  allotted  him  a  resideace  at  Hampton  Court, 
where  he  died  on  the  25lb  August  1867,  in  the  76tb  year  of  his  age. 

We  cannot  close  this  brief  sketch  of  the  life  of  Faraday  without 
a  notice,  however  imperfect,  of  several  of  the  brilliant  discoveries 
which  have  placed  bim  at  the  head  of  the  experimeDtal  pbiloso- 
pherH  of  every  age. 

Hia  first  experiment,  made  in  1816,  was  an  analysis  of  a  specimen 
of  caustic  lime,  which  was  pnbliahed,  with  observationa,  by  Sir  H. 
Davy.  In  1 817  and  1818,  he  discovered  that  the  velocity  of  gaaea 
in  passing  through  a  narrow  tube,  depended  not  only  on  their 
density,  but  ou  their  own  nature ;  and  these  experiments  were 
followed,  at  different  dates,  by  a  variety  of  what  may  be  called  bis 
minor  discoveries,  when  compared  with  those  on  electricity  and 
mf^etiBm.  The  most  important  of  these  relate  to  the  combnstioa 
of  the  diamond ; — to  the  sounds  produced  by  a  bar  of  heated  iron 
laid  upon  a  mass  of  metal,  the  experiment  of  Mr  A.  Trevelyan, 
described  in  our  Transactions ; — to  tbe  evaporation  of  mercnry  at 
low  temperatures; — to  the  optical  illuaioDH  produced  in  the  jAeno- 
kutoteope  of  Plateau  ; — to  tbe  acoustic  figures  of  Ghladni ; — to  the 
remarkable  pbenomenon  of  regelaiion,  so  BuccessfuUy  pursued  by 
Professor  Tyudalt ; — and  to  tbe  myat-erioos  movements  of  turning 
tables,  which  he  so  ingeniously  explained.  In  1620  be  described 
two  new  compounds  of  chlorine  and  carbon.  In  1823  he  began 
■lis  fine  experiments  on  the  condensation  of  gases  into  liquids ;  and, 
by  refrigerating  mixtures,  he  obtained  liquids  more  dense  than 
water,  from  a  variety  of  gases ;  but  in  1844,  by  combining  a 
mecbanical  pressure  of  fifty  atmospheres  with  cold  of  —  166°  of- 
Fahrenheit,  be  obtained  in  a  liquid  state  olefiant  gae,  fiuosilicic  acid, 
phosphorated  hydrogen,  and  arsenical  hydrogen.  With  this  double 
power  he  converted  the  first  gases  which  he  liquefied  into  solid 
crystals,  but  those  last  mentioned  he  was  not  able  to  solidify.  In 
the  compreBBion  of  oil  gas,  in  1825,  be  disoovered  a  new  compound, 
the  bicarburet  of  hydrogen,  from  which  Dr  HofiTman  has  extracted 
another  substance  of  great  value  in  the  production  of  colour.  In 
1857,  Faraday  published  hie  curious  experiment,  in  which  a  gold 
leaf,  placed  upon  a  plate  of  glass,  becomes  transparent  and  colourless 
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at  ft  high  temperatnre,  aud  lecorers  its  green  colour  b;  traoB- 
mitted  light,  nndec  presBiire.  In  1820,  be  discoTered  the  valuable 
propetties  of  bIIo^b  of  rhodium  and  steel,  and  of  silver  and  steel 
for  cntting  instnimentB.  In  1827,  he  published  bis  work  on  the 
"  Uanufacture  of  Qlass  for  Optical  Purposes,"  and  in  bis  Memoir 
on  the  same  subject,  in  1829,  he  has  given  a  mioute  account  of  all 
the  processes  vhich  he  employed. 

These  varions  researches,  nnmerouH  and  brilliant  as  they  are, 
might  have  been  the  oconpation  of  a  busy  life,  but  they  form  only 
on  introduction,  as  it  were,  to  the  grand  discoveries  in  electricity 
and  magnetism  with  which  bis  name  is  more  specially  associated. 

With  the  exception  of  his  papers  on  the  Electricity  of  the 
QymnotuB,  and  the  Electricity  Developed  by  the  Friction  of 
Globules  of  Water  upon  Solid  Bodies,  bis  discoveries  in  electricity 
and  magnetism  may  be  arranged  in  three  groups, — those  that  relate 
to  electro-chemistry; — those  that  relate  b)  electro -dynamical  and 
electro- statical  induction  ; — and  those  that  relate  to  the  action  of 
magnetism  and  dynamio  electricity,  upon  light  and  all  the  other 
bodies  of  nature.* 

The  discoveries  in  these  three  groups,  which  are  too  nnmerons 
and  profound  to  be  noticed  in  a  brief  sketch  oF  his  life,  he  began 
to  publish  in  the  "  Philosophical  Transactions"  for  1831.  They 
were  continned  in  successive  volumes  of  that  work,  and  were  after- 
wards republished  in  four  octavo  volumes,  which  appeared  in  1639, 
1844,  1855,  and  1859. 

As  an  original  investigator  of  scientifio  truth,  Faraday  had  few, 
if  any,  equals ;  and  as  a  lecturer  and  expounder  of  the  discoveries 
of  others  he  was  without  a  rival.  With  a  judgment  thus  sound 
and  thus  patiently  exercised,  be  had  no  difficulty  in  answering 
the  question  "What  is  truth?"  among  the  complex  laws  of 
the  material  world,  and  be  had  none  in  answering  the  question  as 
put  by  the  Boman  Crovemor.  Like  Newton,  the  greatest  of  hie 
predecessors,  be  was  a  humble  Christian,  with  the  simplicity  of 
apostolio  times.  Among  the  grand  truths  which  he  bad  studied 
and  made  known,  he  had  found  none  out  of  harmony  with  his 

*  See  "  Notice  rar  Uicbael  Fanula^  sa  vie  et  oei  Travanx,  par  Prof«Baeai 
De  La  Bive,  Genere,  1807,"  a  pamphlet  cootainiDg  au  iuterestisg  accouDt 
of  Faraday's  diBcoveiiea.  A  tranaUtion  of  it  U  published  in  the  "  Fhllo- 
■ophical  MagBKiDe,"  vol.  xzxiv.  p,  409. 
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faith ;  and  from  the  very  depths  of  science  he  has  proclaimed  to 
the  SoioliBts,  that  there  is  a  wisdom  which  ia  not  "  FooliebneBB 
with  &od." 

John  G^ooiisik,  a  celebrated  anatomist,  was  bom  at  Anitruther 
in  1811,  and  waa  the  eldest  bod  of  Dr  Goodeir,  sargeon  in  that 
town.  After  paesiiig  tbrongb  the  cnrrioulnm  of  arts  at  the  Uni- 
versity of  St  AndrewH,  he  was  apprenticed  to  Hr  Nasmyth,  the 
celebrated  dentist  in  Edinburgh.  While  he  was  going  through 
the  QBual  course  of  medical  instniction  at  the  University,  he  also 
pursued  his  anatomical  stadies  under  Dr.  Enox,  and  the  study  of 
mineralogy  under  Profesaor  Jameson,  After  obtaining  license 
from  the  College  of  Sni^eoDa,  he  letorned  to  Anstnither,  to  prac- 
tise medicine  with  his  father,  and  in  this  favourable  locality  he 
found  leisure  to  study  the  variouB  forms  of  animal  life  which  are 
BO  numerous  in  the  Firth  of  Forth.  In  1839  he  published  in  the 
"Edinburgh  Uedical  and  Surgical  Journal"  an  elaborate  memoir 
on  the  development  and  structure  of  the  human  teelb,  and  he  was 
soon  after  this  appointed  Conservator  of  the  Museum  of  the  College 
of  Surgeons.  While  he  held  thie  office,  hut  particularly  in  1842 
and  1843,  he  delivered  a  seriea  of  lectures  on  various  branches  of 
anatomy  and  physiology.  In  1840  he  heuame  a  member  of  the 
Wemerian  Society,  and  contributed  many  papers  to  its  Memoirs. 
In  1842  be  was  elected  a  Member  of  this  Society,  and  enriched 
our  TransactioDB  and  Proceedings  with  many  valuable  papers. 
When  Professor  Monro  required  an  assistant,  Mr  Gbodsir  was  ap- 
pointed Demonstrator  of  Anatomy  in  the  University;  and  when 
the  chair  was  vacant  in  1846,  he  was  appointed  to  it  by  the  Town 
Council.  In  this  poeition,  bo  favourable  for  research,  he  prepared 
an  extensive  series  of  specimens  illustrative  of  the  anatomy  of  the 
animal  kingdom,  which  now  constitute  the  most  valuable  part  of 
the  University  Anatomical  Museum.  As  a  teacher  he  enjoyed  a 
high  leputation,  and  he  had  the  gratification  of  lecturing  in  the 
winter  eeesion  to  between  300  and  400  pupils.  Under  such  engrosa- 
ing  studies,  with  which  hie  whole  time  was  occupied,  Mr  Good- 
sir's  health  gave  way,  and  he  was  obliged,  in  1855,  to  seek  for  its 
restoration  in  a  visit  to  the  Continent.  Though  still  in  feeble 
health  on  his  return  to  Scotland,  he  continued  to  prosecute  with 
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ardoDi  his  anatomical  Btndies,  and  id  1856  he  published  a  series  of 
menioire  on  the  stmctore  of  the  skeleloD,  which  added  greatly  to 
his  reputation.  Althongh  Ur  Ooodeir  continued  to  discharge  the 
dutiea  of  his  class,  and  carry  on  his  original  researches,  his  health 
was  gradually  giving  way.  He  had  been  afflicted  for  many  years 
with  a  general  paralysis,  which  carried  him  off  on  the  Gtfa  Uarch 
1867.  In  order  to  do  bonoiii  to  his  memory,  bis  friends  and  pupils 
have  resolved  to  establish  in  the  University  a  Fellowship  in  Ana- 
tomy and  Fbysiology  bearing  his  honoured  name. 

BoBKKT  Edwabd  Scobksbi-Jaoksom  was  bora  at  Whitby  in  1833, 
and  was  the  nephew  of  our  celebrated  colleague  the  late  Dr  Wil- 
liam Scoreehy.  He  prosecuted  his  medical  studies  in  London, 
where  he  became  a  licentiate  of  the  Apothecariee' Company  in  1855. 
In  1657  be  came  to  Edinburgh,  and  took  the  degree  of  U.D.  He 
then  visited  the  Continent,  and  on  his  return  to  Edinburgh,  where 
be  settled  as  a  physician,  be  became  a  Fellow  of  the  Boyal  College 
of  Surgeons  in  1869,  a  Fellow  of  this  Society  in  1861,  and  a  Fellow 
of  the  Boy&l  College  of  Physicians  in  1862.  In  1860  be  wrote  a 
Life  of  his  nncle.  In  1862  he  published  his  Sfedical  Climatology, 
and  in  1863  he  read  an  interesting  paper  to  this  Society  on  the 
Influeuce  of  Weather  upon  Disease  and  Mortality,  a  subject  to 
which  he  had  devoted  much  attention,  and  another  on  ihe  Tan- 
perature  of  certain  Hot  ^rings  in  the  Pyrenees.  As  chairman  of  the 
medical  department  of  the  Meteorological  Society,  he  conducted, 
under  its  auspices,  some  important  inquiries  into  climate,  and  he 
published  several  valuable  papers  in  its  "Proceedings."  On  the 
appointment  of  Dr  Douglae  Maclagan  to  the  chair  of  Medical 
Jurisprudence  in  the  University,  Dr  Jackson  succeeded  him  as 
lectnrer  in  Materia  Medica  and  Therapeutics  in  the  extro-Acode- 
micol  School  of  Edinburgh  ;  and  the  last  work  which  be  published 
was  entitled  "  A  Note- Book  of  Materia  Medica,  Pharmacology,  and 
Therapeutics."  Dr  Jackson  was  in  1865  elected  one  of  the  phy- 
sicians of  the  Royal  Infirmary.  Besides  the  papers  we  have  men- 
tioned, be  contributed  several  articles  to  the  "  Edinburgh  Medical 
Jouraal."  Dr  Jackson  was  an  active  member  or  the  Edinburgh 
Medical  Missionary  Society,  and  an  earnest  student  of  divine  truth. 
He  was  attacked  with  typhus  fever  caught  in  the  Infirmary,  and 
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died  on  tlie  let  February  1867,  in  the  thirty -fourtli  year  of  his  age. 
Dr  Jackaon  was  married  to  the  odIj  daughter  of  Sir  Wilham 
Johnston  of  Eirkhill,  and  has  left  a  widow  and  two  daughters  to 
lament  his  loss. 

Thouas  Bichabdbon,  an  eminent  chemist,  was  born  at  Newcastle 
on  the  8th  October  1816,  and  was  educated  in  that  city.  At  a 
comparatively  early  age  he  went  to  the  University  of  Glasgow, 
where  he  prosecuted  his  chemical  studies  in  the  laboratory  of  the 
late  Dr  Thomson.  From  Glasgow  he  went  to  Germany,  where  he 
pursued  his  favourite  science  at  the  TTuiversity  of  Gieasen,  in  the 
celebrated  laboratory  of  organic  chemistry,  then  under  the  direc- 
tion of  Baron  Justus  Liebig.  After  taking  the  degree  of  Ph.D. 
he  accompanied  Dr  Thomson  to  Paris,  where  he  completed  his 
studies  under  the  late  celebrated  Felouze,  whose  recent  death  has 
deprived  tlie  Acidemy  of  Sciences  of  one  of  its  most  distinguished 
members. 

On  his  return  to  Newcastle  Dr  Richardson  devoted  himself  chiefly 
to  the  application  of  chemistry  to  manufactures,  and  the  results  of 
hia  researches  have  been  published  in  an  important  work,  entitled 
"  Chemical  Technology;  or.  Chemistry  in  its  Application  to  Arts  and 
Manufactures."  This  work  was  commenced  as  a  translation  of 
Knapp's  Technology,  by  Drs  Ronald  and  Richardson  in  1847.  The 
first  two  parts  of  a  second  edition  greatly  enlarged,  and  form- 
ing quite  a  new  work,  by  the  same  authors,  was  published  in  1SG6. 
Parts  third  and  fourth,  by  Dr  Richardson  and  Dr  Watt,  appeared 
in  the  years  1863-1866.  This  valuable  work  is  still  far  from  being 
completed.  Dr  Richardson  also  took  an  important  part  in  the 
preparation  of  the  work  upon  "  The  Industries  of  the  Tyne,  the 
Wear,  and  the  Tees," 

During  the  last  two  years  of  hia  life  Dr  Richardson  was  engaged 
at  £irklees,  near  Wigan,  in  a  series  of  elaborate  experiments  on 
the  coal  of  that  district,  with  the  view  of  obtaining  for  it  a  place 
on  the  Admiralty  list  for  naval  purposes. 

In  1853,  on  the  death  of  our  late  colleague,  Professor  Johnston 
Dr  Richardson  was  appointed  Reader  of  Chemistry  in  the  Univer- 
sity of  Durham.  On  tbia  occasion  the  degree  of  M.A.  was  con- 
ferred upon  him,  and  he  continued  for  fourteen  years  to  discharge 
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the  dntiee  of  the  chair  with  great  credit  to  himaelf,  and  eatisfaction 
to  the  UDivereity. 

When  he  was  engaged  at  Wigan  with  his  experimentB  on  coal, 
he  was  attacked  by  paralyeis  on  the  10th  of  Jnly  1867,  and  expired 
Id  a  few  hours.  Dr  Bichardson  was  elected  a  Fellow  of  this  Society 
in  1866,  end  be  was  a  Fellow  of  the  Boyal  Society  of  London,  a 
Member  of  the  Boyal  Irish  Academy,  and  an  Associate  of  the 
Institution  of  Civil  Engineers. 

Tiu  Eakl  or  BoBU,  Willuh  Pabsonb,  a  distinguished  astrono- 
mer, was  the  eldest  son  of  Lawrence,  the  second  Earl,  and  was  bom 
Id  the  city  of  York  on  the  17th  June  1800.  In  1818  Lord  Oxman- 
town  entered  Trinity  College,  Dublin,  and  in  the  following  year 
he  passed  into  residence  in  Magdalene  College,  Oxford,  where  lie 
took  the  degree  of  M.A.  in  1822,  when  be  was  first-class  in  mathe- 
matics. After  quitting  Oxford  be  directed  his  attention  to  the 
construction  of  reflecting  telescopes,  and  while  he  was  occupied 
with  bis  earliest  experiments,  I  bad  the  pleasure  of  frequent  com- 
munication with  him.  His  first  scheme  was  to  remove  as  much  as 
possible  the  spherical  aberration  of  spherical  surfaces,  by  dividing 
the  speculum  into  several  rings,  which  were  so  placed  as  to  have  a 
common  focns.  The  difficulty  of  adjusting  these  rings,  and  keep- 
ing them  in  their  place,  was  so  great  that  he  abandoned  the  attempt, 
and  set  himself  to  the  conBtniotion  of  telescopes  with  specula  of  a 
lai^  size.  In  the  execution  of  such  instruments  a  thorough  know- 
ledge of  chemistry  and  mechanics  was  required,  and  the  difficulties 
which  be  encountered  at  every  step  of  the  process  were  surmounted 
with  a  success  greater  than  he  could  have  anticipated. 

With  the  exception  of  Sir  W.  Herschel's  large  speculum  of  four 
feet,  the  largest  telescopes  hitherto  constructed  were  those  of  13^, 
15,  and  21  inches  in  diameter,  by  Mr  Bamage  of  Aberdeen,  an<l 
those  of  18  inches,  by  Sir  John  Herschel.  So  early  as  1822  Lord 
Oxmantown  began  to  construct  large  epecula,  and  he  had  ground 
and  polished  them  of  15,  24,  and  36  inches  in  diameter  before  he 
began  the  gigantic  speculum  of  six  feet,  with  a  focal  length  of  5G 
feet.  This  speculum  was  cast  on  the  13th  April  1812,  ground  in 
1843,  polished  in  1844,  and  reaily  for  trial  in  February  1845.  When 
it  wai4  [ilaced  in  a  tube  maile  of  deal  staves  au  iuch  thick,  ami  hooped 


Ogle 


200  Proceedings  of  the  Royal  Society 

with  Btrong  iron  oUmp  riogs,  it  was  eatabliahed  between  two  lofty 
caatellated  piers  60  feet  high,  and  raised  to  different  altitudes  by 
a  strong  chain  cable  attached  to  the  top  of  the  tube. 

With  this  noble  instrument,  which  cost  L.20,000,  Lord  Boeee 
made  a  series  of  important  observations  on  nebnlee  and  clusters  of 
stars,  which  have  been  published  in  the  TransactionB  of  the  Boyat 
Society  of  London,  who  evinced  the  high  value  which  they  put 
upon  them  by  giving  hira  the  Royal  Medal.  Many  of  the  prin- 
cipal scientific  inatitntions  in  Europe  hastened  to  do  him  honour. 
In  1849  ho  was  elected  Fresidect  of  the  Royal  Society  of  London. 
The  University  of  Cambridge  conferred  upon  him  the  degree  of 
LL.D.  The  Imperial  Academy  of  St  Fetersbarg  elected  him  an 
honorary  member;  and  he  was  a  member  of  the  Royal  Irish  Aca- 
demy, and  the  Astronomical  and  Geological  Societies  of  London. 
He  was  made  a  Knight  of  St  Patrick  by  the  Qneen,  and  he  received 
ftom  Napoleon  III.  the  decoration  of  the  Legion  of  Honoar, 
Lord  RoBse  was  also  a  trustee  of  the  British  Musenm,  and  in  1862 
lie  was  elected  Yice-Chanceltor  of  the  TJniTersity  of  Dublin. 

In  1821  Lord  Bosse  was  elected  Member  of  Parliament  for 
King's  C!onnty,  and  he  continued  to  represent  it  till  the  end  of 
the  first  reformed  Parliament.  After  he  succeeded  his  father 
in  1841,  he  sat  in  the  Upper  House  as  a  representative  Peer. 
After  a  protracted  illness.  Lord  Rosae  died  at  Moukstown,  near 
Dublin,  on  the  31st  of  October  1S67,  and  is  succeeded  by  his  eldest 
son,  Lord  Oxmantown,  who  inherits  the  taste  and  abilities  of  his 
father. 

Jahbs  Shith  of  Jordanhil),  an  eminent  geologist,  was  bom  in 
Glasgow  on  the  IStb  Augnst  1782,  and  was  the  son  of  Archibald 
Smith,  a  West  Indian  merchant  resident  in  that  city.  After  study- 
ing at  the  G-rammar  School  and  University  of  Qlosgow,  he  became 
a  partner  in  the  West  India  house  of  Leitch  and  Smith ;  but  bo 
never  took  an  active  part  in  business,  devoting  his  leisure  entirely 
to  literary  and  scientific  purenits.  His  love  of  yachting  was  one  of 
the  moat  prominent  features  of  hie  life.  He  performed  his  first 
cruise  to  the  Isle  of  Skye  in  1806,  in  a  small  vessel  of  twelve  tons, 
with  FrofesEor  Milne  and  Dr  Ure,  and  he  was  one  of  the  earliest 
Commodores  in  the  Royal  Northern  Tocht  Club.    He  had  thna 
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musyopportnnities  of  canyiugon  in  different  localitiea  hie  soientific 
inqniries,  and  hia  writings  show  how  Bnccesefulljr  he  availed  him- 
self of  them.  After  the  peace  in  1814,  VLr  Smith  visited  France 
and  Italy,  where  he  resided  for  some  time,  occupied  chiefly  with  the 
atady  of  their  works  of  art.  About  the  year  1830  he  began  to  take 
an  active  interest  in  the  management  of  the  AndersoniaD  Institu- 
tion, of  which  he  was  President,  and  he  was  the  founder  of  its 
Natural  History  Unsenm,  and  presented  to  It  its  valuable  oolleo- 
tiou  of  Scottish  coins.  Hia  earliest  scientific  paper  was  a  notice 
printed  in  the  "Transactions  of  the  Antiquarian  Society"  of 
an  nndescribed  vitrified  fort  in  the  Burnt  Isles  of  the  Eylee 
of  Ente.  In  dredging  on  the  Frith  of  Clyde,  and  examining 
the  superficial  deposits  of  the  existing  shells,  he  found  that  a 
large  proportion  of  those  which  are  not  in  the  Clyde  are  still  to 
be  found  in  the  Arctic  Seas;  and  he  was  thus  led  to  announce  to 
the  Qeological  Society  in  1836,  that  the  climate  of  this  conntry 
was  once  colder  than  at  present.  From  1839  to  1846  Mr  Smith 
resided  successively  at  Madeira,  Gibraltar,  Lisbon,  and  Malta,  on 
account  of  the  health  of  some  of  his  family,  and  in  each  of  these 
localities  he  found  the  materials  for  the  most  interesting  of  his 
writings. 

During  his  residence  at  Malta  he  carried  on  those  remarkable 
inquiries  by  which  he  has  attained  a  high  reputation  as  a  Scripture 
critic  and  theologian.  The  work  which  contains  them  was  pub- 
lished in  1846,  under  the  title  of  "  The  Voyage  and  Shipwreck  of 
St  Panl,  with  Dissertations  on  the  Life  and  Writings  of  St  Luke, 
and  the  Ships  and  Navigation  of  the  Ancienta."  His  views  on  the 
abipwieck  of  St  Paul  have  been  admired  by  the  most  eminent 
tbeologiana  of  every  country ;  and  hia  esaay  on  the  Life  of  St  Luke 
and  the  sources  of  hia  vritinge,  has  been  highly  praised,  even  by 
those  who  do  not  adopt  all  the  views  of  its  author.  In  the  last 
edition  of  this  work.  Id  1866,  Mr  Smith  has  expressed  his  gratifica- 
tion on  finding  that  his  views  have  received  a  remarkable  confir- 
mation by  the  publication  of  Dr  Cureton'e  translation  of  the  newly 
discovered  Syriao  Teiaion  of  St  Matthew. 

Mr  Smith  was  a  member  of  many  of  our  acientifio  institutions. 
He  was  elected  a  Fellow  of  the  Boyal  Society  of  London  in  1630, 
and  of  this  Society  In  1822.     He  was  also  a  Fellow  of  the  Wer- 
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iieridu  Society  of  Edinbargb,  and  of  the  Geological  Society  of 
LnDdon 

Mr  Smith  enjoyed  good  healtl)  till  the  epriDg  of  1666,  when  he  bad 
au  attack  of  paralyaiB,  which  did  not  affect  his  mind ;  but  a  recent 
attack,  at  the  close  of  the  year,  bad  a  fatal  termination,  and  he  died 
on  the  t7th  January  1867,  in  the  eighty-fifth  year  of  his  age. 

Mr  Smith  was  married,  in  1809,  to  the  granddaughter  of  Dr 
Wilson,  Professor  of  Astronomy  in  Glasgow,  and  he  left  nine  chil- 
ilren,  of  whom  only  three  enrvive,  viz.,  Archibald  Smith,  Esq., 
F.R.3.,  a  diBtinguiebed  mathematician  and  barrister;  the  wife  of 
Walter  Bncbanan,  Esq.,  M.P.;  and  the  wife  of  the  Iat«  William 
Hamilton,  Esq.  of  Minard. 

Sir  Jaubb  South,  an  eminent  astronomer,  was  horn  in  Iiondon 
in  1785.  He  was  the  son  of  Mr  South,  a  dispensing  druggist  in 
Southwark.  His  son,  however,  chose  a  higher  branch  of  the  medical 
profession,  and  became  a  member  of  the  Royal  College  of  Surgeons. 
Although  be  practised  medicine  for  eome  years  in  Southwark, 
the  greater  part  of  his  time  was  spent  in  the  study  of  practical 
astronomy. 

In  his  observatory  in  Blackman  Street,  Southwark,  Mr  South 
had  a  very  fine  five  feet  telescope,  mounted  equatorially,  and  with 
it,  and  a  seven  feet  telescope  equatorially  mounted,  he  and  Mr 
Herschel  carried  on,  in  the  years  1821, 1822,  and  1823,  a  aeries  of 
most  valuable  observations  on  3000  double  and  triple  stars,  mea- 
suring tbeir  apparent  distances  and  ]>ositions,  and  comparing  them 
with  those  of  other  astronomers.  The  large  volume  containing 
these  remarkable  observations  was  communicated  to  tbe  Royal 
Society  of  London  on  the  15tb  January  1821,  and  is  published  as 
a  part  of  their  Transactions  for  that  year.  For  tbe  part  which  he 
took  in  this  great  work  Sir  James  received  the  Copley  Medal  from 
the  Society. 

In  thevicinityofone  of  tbe  great  thoroughfares  of  the  metropolis 
astronomical  instruments  require  particular  caution  against  tremors, 
and  therefore  Mr  South  removed  to  Camden  Hill,  Kensington, 
where  he  erected  a  fine  observatory,  and  furnished  it  with  a  mag- 
nificent equatorial  instrument,  executed  by  Troughton,  but  owing 
to  some  imperfection  in  its  constraction  that  was  never  remedied, 


.  ,,C~.tx>>^k 


of  Edinburgh,  Session  1867-68.  203 

Sir  James  was  never  able  to  make  with  it  a  continued  aeries  of 
observations.  As  one  of  the  finest  instruments  of  the  day,  it  was 
visited  and  occasionally  used  by  many  distinguished  foreignere, 
who  were  always  hospitably  received  at  Camden  Hill. 

Sir  James  was  one  of  the  founders  of  the  Royal  Astronomical 
Society,  and  was  onco  its  President.  In  1830,  when  the  Duke  of 
Wellington  was  at  the  head  of  the  Government,  he  received  the 
honour  of  Knighthood,  and  a  pension  of  L-SOOa-yearwasiifterwards 
conferred  upon  him  in  consideration  of  his  services  to  astronomy. 
Sir  James  was  a  Corresponding  Member  of  Ihe  Imperial  Academy 
of  Sciences  at  St  Petersburg,  of  the  Royal  Belgic  Academy  of 
Sciences,  an  Honorary  Member  of  the  Royal  Irish  Academy,  and 
a  Fellow  of  the  Ltnneau  Society,  In  liis  later  years  he  was  afSicted 
with  severe  deafnees,  and  spent  much  of  his  time  in  the  use  of  the 
microscope.  He  died  at  Camden  Hill  in  October  1867,  in  the  eighty- 
second  year  of  his  i^e. 

John  Stewabt,  of  Nateby  Hall,  a  gentleman  versed  in  various 
branches  of  natural  science,  was  born  at  Parkhonse,  Stranraer,  on 
the  lOth  January  1813,  and  was  the  son  of  Lieutenant  Leveson 
Douglas  Stewart,  R.N.  He  was  educated  at  the  Academy  and  at 
the  University  of  Edinburgh.  He  began  life  as  a  merchant,  but 
be  soon  quitted  his  profession,  his  ample  fortune  enabling  him  to 
devote  bis  time  to  different  scientific  pursuits,  but  especially  to 
geology  and  various  departments  of  natural  history,  in  which  he 
made  very  large  and  valuable  collections.  He  devoted  much  of  his 
time  to  the  microscope,  and  was  one  of  the  first  to  execute  instan- 
taneous photographs. 

Mr  Stewart  was  a  member  of  the  Royal  Physical  Society  of  Edin- 
burgh,and  of  the  Botanical  Society.  He  died  on  the  17th  March 
1867. 

The  following  statement  respecting  the  Members  of  the  Society 
was  read  by  the  Chairman  : — 

I.  Honorary  Fellows — 

Boyol  Personage, 1 

Rritish  Subjects, 18 

Foreign, 33 

Total  Honorary  Fellows,         ...  52 
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II.  Non-Besideut  Uember  under  Old  Laws,    . 

III.  Ordinary  FellowB— 

Ordinaiy  Fellows  at  November  1866,  .... 

NttB  FiUomt,  1866-67 — Bev.  Dr  L.  Alexander,  Thomas 
Atmandale,  Geotge  F.  Barbour,  Dr  A.  H.  Biyce,  Darid 
Davidson,  Francis  Deas,  Henry  Dircks,  Dr  Jamea 
Donaldaon,  G.  S.  Home  Drununond,  Dr  T.  R.  Eraser, 
Professor  Fuller,  Dt  Chariea  Gainer,  Dr  A.  Gamgee,  Dr 
A.  Orabam,  Dr  D.  R.  Haldane,  Sheriff  Hallard,  J.  H.  R 
Hallen,  Sir  George  Harvey,  T.  B.  Johnston,  William 
Eeddie,  John  M.  M'Candlisb,  Jas.  Richardson,  William 
TumbuU,  Peter  WaddeU, 

Ikduel  Dutaud — Sir  Archibald  Alison,  Dr  Jamea  Black, 
Alexander  Bryson,  H.  Home  Drununond,  Professor 
Goodsir,  Dr  R.  £.  Scoiesby-Jackson,  J.  G.  Einnear, 
Professor  Richardson,  Jamea  Smith,  Sir  Jamea  South, 
John  Stewart, 11 

JRuigntd — Rev.  James  S.  Hodson,  D.D.  Oxon.,  Rev.  L. 
ShaftoOrde S 

TolaJ  Deductions, 

Total  Number  of  Ordinaiy  Fellows  at  KoTemb«r  1867, 


It  was  announced  from  tlie  Chair  that  the  Council  had  avoided 
the  Eeitb  Prize,  for  the  biennial  period  ending  April  1867,  to  Fro- 
feBBor  C.  Piazzi  Smyth,  for  his  paper  on  Recent  Measurea  at  the 
Great  Pyramid,  published  in  the  Transactiona. 

The  following  Gentlemen  were  elected  Fellows  of  the 
Society: — 

I.  Foreign  Hoiwrary  Fellow) ; — 
1.  Professor  Binjauin   Fetrce,   Director   of  the  United   States' 

Survey,  Harvard  Univeraity,  Cambridge,  Haaeachusetts. 
3.  Chablbs  lb  Coutk  de  Reuubat,  Member  de  I'luBtitut  de France, 

L[^tte,  Haute  Qaronne,  France. 
3.  Fbizdktcb  W5IILBB,  QottinKen. 
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II.  Briluh  Honorary  Fellows  :— 

1.  Jaheb  PacBCon  Jodle,  LL.D.,  Thorncliff,  Old  Ttafford,  M«n- 

chEeter. 

2.  Gbablkb  Whkatbtohs,  D.C.L.,  ProfeBBor  of  Experimeotal  Philo- 

■ophj.  King's  Collego,  LondoD. 

III.  Ordinary  Felloto; — 
BoBBST  Dauv,  H.D.,  Depot;  Iiupector-Geiier«l  of  Hoapitols  (re- 
elected, having  reugued  the  Fellombip  In  1S46). 

The  following  Donations  to  the  Society  were  announced : — 
Balfonr  (John  Hutton).     Obituary  Notice  of   Professor   John 

Goodnr.    Edinburgh,  1667.    B-vo.—From  the  Author. 
Bert  (Dr  Paul).    Note  sur  un  caade  Greffe  Animale.    8vo. — From 

theAtOhor. 
Bechetches  ExpSriioentaleB  pour  serrir  a  I'histoire  de  Ib 

VitalitSpropredesTiBBiiBAniniaux.    Paris,  1866.   4to. — From 

the  Author. 
Becherchea  sur  les  HouTements  de  la  SeDsitire  (Mimoia 

pudica,  L.)-    Paris,  1867.    8vo. — From  the  Author. 
Notes  d'Anatomie  ct  de  Pbysiologie  Compardee.    Paris, 

1867.    8vo.—From  the  Author. 
Sur  un  MoQstre  double  Antositaire  de  la  Famille  dea 

MoDosomieus.     Paris,  1863.     6vo. — From  the  Author. 
Bnuina  (Spiridione).    Contribuzione  pella  Fauna  dei  Molluscbi 

Dalmati.     Vienna,  1866.     8vo.—From  the  Author. 
Catalogne.    Index  to  the  Catalogue  of  Books  iu  the  Bates  Hall  of 

the  Public  Library  of  the  City  of  Boston.    First  Supplement. 

Boston,  1866.     Bvo.—From  the  Library. 
Coleman  (Bev.  Lyman),  D.D.    The  Great  CievasBe  of  the  Jordan 

and  of  the  Bed  Sea.     Sto. — From  the  Author. 
Dtilease  (M.),  et  Lspparent  (15..  de).     Bevue  de  G6ologie  pour  les 

Annees  1864  et  1865.     Paris,  18S6.     Svo.—From  the  Author. 
Dircks  (Henry),  C.E.,  F.C.S.    The  Polytoohnic  College.    A  pro- 
posed Institution  for  aiding  depressed   Talent  to  complete 

Works  in  progress  connected  with   Science,  Literature,  or 

Arts.     London,  1867.     8vo.— /Vom  the  Author. 
vol..  Ti.  2d 
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DirckB (Henry),  C.E.,  F.C.S.     Inventon  and  iDTeotioDB.    Londoo, 

1867.     8yo.— From  the  Author. 
Hinriobe  (GuBtave).    Atomechanik  oder  dieChemie  erne Mecbauik 

der  Fanatome.    Iowa-City,  EUta  Unis,  1867.    4to. — From  the 

Author. 
Journal.     American  Journal  of  Science  and  Arta.     Second  Senes. 

Nob.  129,  130,  131.     Svtt.—From  the  Editore. 
Lapparent,  vide  Delesse. 
LawBon  (Charles).    Pinetnm  Britannicnm.    Parta  XXV.,  XXVI. 

Elephant  ioL—From  ih«  Author. 
Lea  (Isaac),  LIj.D.    Check  List  of  the  Shells  of  North  America 

(Unionids).     8vo. — From  the  Author. 
TableB  of  the  Bectification  of  Ur  T.  A.  Oonrad'a  "  SynopBJB 

of  the  Family  of  itfaladea  of  North  America."    Philadelphia, 

1866.— From  tht  Author. 
ObBerratioDB  on  the  Genus  Unio,  together  with  deEcripttona 

of  new  specJea  in  the  family  Unionidie,  and  deecriptiona  of 

new  Bpeciea  of  the  Melanidn,  Limneids,  Paludinsa,  and  Heli- 

cidffl,  with  24  Platea.    Vol.  XI.    ita.—From  the  Author. 
Lesley  (J.  P.).    Notea  on  a  Map  intended  to  illustrate  five  types  of 

Eartb-Buiface  In  the  United  States,  between  Cincinnati  and  the 

Atlantic  Seaboard.    Fbiladelpbia,  1666.    ito.— From  Dr  J. 

UanuBcripts.  Facsimiles  of  National  UannscriptB  of  Scotland, 
selected  under  the  direction  of  the  Bight  Hon,  Sir  William 
Oiheon-Craig,  Bart.,  Lord  Clerk -Begister  of  Scotland,  and 
Photozinoographed,  by  command  of  Her  Uajeaty  Queen 
Victoria,  by  Colonel  Sir  Henry  James,  R.E.,  Director  of  the 
Ordnance  Survey.  Part  I.  1867.  Folio.— JVom  the  Secre- 
tary of  Slate  for  War. 

Martins  (Dr  Carl  Friedrioh  Phil.  von).  Beitr^  zur  Etlinographie 
und  Spracbenkuude  Amerika's  znmal  Brasiliena.  2  vols. 
Leipzig,  1867.     8to.— /Vom  the  Author. 

U6tdoiologia  de  la  Belgique  Compar6e  a  cello  du  Globe,  par  Ad. 
Quetelet.  Bruzellee,  1867.  Zvo.—From  the  Royal  OhKrvatory, 
BruneU. 

Meteorology.  Results  of  twenty-five  years'  Meteorological  Obsei- 
Tations  for  Hobart  Town,  together  with  a  two  years'  Begister 
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of  the  Frinoipal  Atrooepherio  Meteora  and  Aurora  Auntralis. 

By  FraDoia  Abbott,  F.R.A.S.    Hobart  Town,  1856.    4to.— 

from  the  Author, 
Maeatri  (Pierre).    Bapport  sonmiB  a  la  Jante  Orgauisatrice  flnr  le 

programme  de  la  vr°"  Seuion  du  Coogris  iDternational  de 

Statistique.     Florence,  1867.     8ro. — From  the  Author. 
Mitia  (M.  L.).    The  Ultimate  Structure  of  Volantar;  HuBcular 

Tissue,  and  the  Uode  of  Termination  of  Motor  Nerves.    Edin- 
burgh, 1867.    8to.— Fiwn  iht  AitAor. 
Modderman  (W.).     Do   Wettelijke    Bewijsleer   in    Strafzaken. 

Utrecht,  1867.    8to.— JV«t»  the  Auihor, 
Mueller  (Ferdinandus),  Ph.D.,  M.D.    Fragmenta  PhytographisB 

Australi».    Vol.  III.  and  V.    Melbourne,  1862-66.    8to.— 

Fnm  &e  Auihor, 
HuTcbisoD  (Sir  Boderick  Impey),  Bart.,  E.O.B.    Siluria;  A  History 

of  the  Oldest  Bocks  iu  the  British  Isles  and  other  countries. 

Fourth  Edition.    London,  1867.    Svo.—Fmn  the  Author. 
Neilteich  (Dr  August).    Nachtrige  zur  Flora  von  Noider-Oester- 

loich.     Wien,   1866.     8vo.—Fnm  the  Zoohgtco-Bottmieai 

Societjf  of  Vienna. 
Plantamonr  (£.),    Des  Anomalies  de  la  Temp£ratnie  Observ6eB  a 

Geudve  pendant  les  quarante  Ann6e«  182&-65.    iio.—'From 

the  Author. 
Quetelet  (Ad.).    Dea  Lois  Mathfimatiques  oonoemant  les  ^toilee 

Filantes.     8vo. — From  the  Author. 
Quetelet  (Em.).    M^moire  sur  la  Temptotturo  de  I'Air  it  Braxelles, 

1867.     ito.— From  the  Author, 
Bankine  (W.  J.  Macquom).    Mechanics  (applied).    Edinburgh, 

1857.     4to.— from  the  Author. 
Bive  (Professear  A.  de  la).    Notice  sui  Michel  Faraday  sa  via  et 

Tiavauz.     Gendve,  1867.     8vo,~FTom  the  Author. 
Bizzoli  (Francesco).     Nuoto  proceeso  operatorio  per  la  cura  di  una 

vasta  apertura  U retro -Gisto-Taginale.     Bologna,  1867.     8to. 

—from  the  Author, 
Bobertson  (George).    Becent  Marine,  Hydraulic,  and  Sanitary 

Engineering  in  Scotland.    Edinburgh,  1867.    8to. — From  the 

Author, 
Bntherford  (Wm.),  M.D.    A  Physiological  Demon stratioo,  given  in 
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the  Physiological  Laboratory  of  the  Univeraity.    8to. — From 

ihe  Author. 
Ryan  (Matthew).    The  Celebrated  Theory  of  Parallels.    Second 

EditioD,  with    Sapplement   Appendix.    Waebington,  1866. 

8vo.— /Vom  fAe  Author. 
TfaomBOU  (J.  T.),  F.S.a.S.    Sequel  to  eome  GUmpees  into  Life  in 

the  Fat  East.    London,  1866.    8to.— JVom  the  AvUwr. 
Tillman  (S.  D.),  A.Bf.     A  new  Chemioal  Nomenolatnie.    Albany, 

18G6.    8yo.— /Vwn  the  AtUhor. 
Tuni.ball  (William  P.).     Birds  of  East  Lothian  and  a  portion  of 

the  adjoining  connties.     Glasgow,   1867.     8to.— fVom  ihe 

TaANaAOTioHS  and   Pkocbbdinos  or  Socibtibs,  Aomxims,  ahd 

TJnitbb8itiib. 

Berlin. — Monatsbericht  der  E&uigliche  PreussiscbeD  Akademte  dar 

Wissenschftften  zu  Berlin.    March— Jnly  1867.    8to, — 

From  the  Academy. 
Berne. — Beitraege  zni  Greologischen  Karte  der  Schweiz  heransge- 

geben  von  der  Geologiechen  CommiaBion  der  Schweizeris- 

chen  Naturforechenden-Geeellflchaft  anf  ro<iten|dei  Eid- 

genoBsenschaft.    Liefening,  8-£.    4to. — From  the  Natural 

Sittory  Society  of  Berne. 
Boiton. — Condition  and  Doings  of  the  Society  of  Natural  Histoiy. 

1866.     8vo.— /Wm  (Ae  Society. 
Memoirs  of  the  Society  of  Natural  History.    Vol.  I.  Farbt 

1  and  2.    4to.— /Vom  &e  Society. 
Proceedings  of  the  Society  of  Natural  Histoty.l  Vol.  X.,  pages 

289  to  418 ;  Yol.  XI.,  pages  1  to  96.    Sro.— JWm  fA« 

Soci^y. 
Bourdraux. — MEmoires  de  la  SociEtS  des  Sciences  Physiques  et 

Naturelles  de  Bordeaux.    Tome  IV.,  V.    8to. — From  the 

Society, 
Brueeelt. — Tables  GSnSrales  et  Analytiquea  du  recneil  des  Bolletina 

de  TAcad^mie  Royale  des  Sciences,  des  Lettres,  et  des 

Beaux-Arts  de  Belgique.     Tome  I.-XX.    8vo. — From 

the  Academy. 
Bulletins  de  t'Acad£mie  Royale  des  Sciences,  des  Lettres 
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et  deB  Beanx-ArtB  de  Bel^que.    Tome  XXII.,  XXIII. 
8vo. — .fVom  the  Academy. 
f  Siognphie  Nationale  publi6e  par  rAcad^mie  Royale  dee 

Sciences,  dee  Lettres,  et  des  Beaux-Arts  de  Belgiqne. 
Tome  I.  Partie  2.    8vo, — From  the  Academy. 
Balletin  de  TAcadSmie  Royals  des  Sciences,  dea  Lettreti, 
et  des  Beaux-Arts  de  Belgique.     Tome  XXIII.  No. 
4^6 ;   Tome  XXIV.   No.    8,  9,  et  10.     Svo.— From  the 
Academy, 
Memoiies  de  TAcad^mie  Rojale  des  Sciences,  des  Lettrea, 
ot  des  Beaux-ATts  de  Belgique.   Tome  XXXVI.    4to.— 
From  the  Academy. 
ADDuaire  de  I'Acadgmie  Boyde  des  Soieoces,  des  Lettres, 
et  des  Beaas-Arts  de  Belgiqae.     1867.     12mo. — From 
the  Academy, 
Aonnaire  de  I'Obseiratoire  Royale  de  Bruzelles,  par  A. 

Quetelet.     1867.     12mo. — From  the  Obtervatory. 
ADDales  de  rObservatoire  Boyale  de  Bruxelles  publi6es  aux 
frais  de  I'Etat,  par  le  directenr  A.  Quetelet.   Tome  XVII. 
4to. — From  the  Obtervatory, 
Ocm/u.— Almanaqne  Nautico  para  1669,  c&lcnlado  de  orden  de  S. 
M.  en  el  Obserratorio  de  Haiina  de  la  Ciudad  de  Sao 
Fernando.     Cadiz,  1867.     8vo.—From  the  Obtervatory. 
Caicutia. — Journal  of  the  Asiatic  Society  of  Bengal.    New  Series, 
Nos.  136,  138,  139.     Sto.—From  the  Society. 
Proceedings  of  the  Asiatic  Society  of  Bengal.     1667.    Nos. 
2-7.    8vo.— From  the  Society. 
(7Dnnecftcul.— Transactions  of  the    Connecticut  Academy  of  Arts 
and  Sciences.    Vol.  I.  Fart  1.    8vo.—From  the  Academy. 
(7ominiti.— Journal  of  the  Royal  Institution  of  Coravall,  with  the 
ISth  Annual  Report.    No.  7.    8to, — From  the  IntHtu- 
tion. 
Dublin, — Journal  of  the  Royal  Geological  Society  of  Ireland.   Vol. 
I.  Part  3.     8vo.—From  the  Society, 
Journal  of  the  Royal  Dublin  Society.    No.  36,   8vo.-~From 
the  Society. 
£(/in(ur9&.— Journal  of  the  Scottish  meteorological  Society.    New 
Series.    No.  16.     6to. — From  the  Society. 
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Geneva. — MSmoires  de  la  Societe  de  FbTSiqae  et  d'Histoire  Natn- 
relle  de  Geneve.    Tome  XIX.  Partio  1.    ito.— From  tht 


Ilaarleta.  —  Arcbivee   NSerlandaisea    des   ScieDcea    Ezsctee,  et 

Naturelles,   publi§ea   par    la    Si>cUt6    HoUandaiBe   dee 

Sciences  &  Haarlem.    Vome  I.  Liv.  fi ;  Tome  II.  Liv.  1, 

2.     8vo. — From  fA«  Society. 
Natarkundige  YerbaDdelingen  van  de  Hollandache  Maat- 

schappij  der  Wetenschappen  te  Haarlem.     Deel  24,  25. 

4to. — From  the  Natural  Hiatory  Society. 
Harvard  Univertily. — Catalogue  of  tbe  Officers  and  Students  of 

Harvard  University,  for  1866-67.    %vo.—From  the  Uni- 
versity. 
Catalogas  Universitatie  Harvardiane,  1866.     8vo. — .From 

tJte  Univenity. 
Reports  of  tbe  President  and  Treasurer  of  Harvard  College, 

1865-66.   Cambridge,  Mass.,  1866.   Svo.— ftvm  the  Col- 
lege. 
Report  of  tbe  Trustees  of  tbe  Mnsenm  of  Comparative 

Zool(^y  at  Harvard  College  in  Cambridge,  Haas.,  for  1866. 

8vo, — From  the  College. 
KieL—SchiittoB  der  Universitat  zu  Kiel,  aus  dem  Jahre,  1866. 

Band  XIII.     4to. — From  the  Univernty. 
Konigsberg. — AstrbnomiHche  BeobachtungeD  auf  der  Ednigliohen 

UDiversit&ts-Stemwart   eu    Eonigsberg,  1865.     FoL — 

From  the  Univereity. 
Scbriften    der    Efiaiglichen    FbyBicaliBch-Oekonomiscben 

Gesellscbaft zu  Konigsberg.  166e,Abth.l,  2;  1866,Abtb. 

1,2.     4to. — From  the  Society. 
Lautatme. — Bulletin  de  la  SociStS  Vaudoise  des  Sciences  Xatnrelles. 

Vol.  IX.  No.  55-67.     Svo.—J'rom  the  Society. 
Leedt. — Annual  Beport  of  the  Philosopbical  and  Literary  Society, 

1866-67.     8vo.— Ffw»  the  Society. 
Leipzig. — FreisBchriften     gekront    und    faeranBgegeben    von    der 

FUretlicb    Jablonowskiscben    Qesellscbaft    zn    Leipzig. 

No.  XII.,  1867.     8vo.— .from  the  Royal  Saxon  Academy. 
Liverpool. — Transactions  of  the  Histurio  Society  of  Lancashire  and 

Cheshire.    Vol.  VI.    8vo.— JVom  &e  Societj/. 
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London. — Journal  of  the  Chemical  Society.   Vol.  T.  (New  Seriea.) 

Nob.  54-59.    8yo. — From  the  Soctrfy. 
Joarnal  of  the  Royal  Qeognphiool  Society.     Vol.  XXXYI. 

8vo. — From  the  Society. 
Proceedings  of  the  Royal  Geographical  Society.    Tol.  XI. 

Noa.  3,  4,  5.    8to.— JVtmt  the  Bocitty. 
Philoaophical  TraoBactioDB  of  the  Royal  Society  of  London. 

Vol.  CLVI.  Part  2 ;  Vol.  CLVII.  Part  I.     4to.— from 

ikt  Society. 
Proceedings  of  the  Boyal  Society  of  London.     Vol.  XV., 

No.  93 ;   Vol.  XVI.  Nob.  94,  95.    8vo.— i^Vom  the  So- 

fiety. 
Liat  of  the  Royal  Society  of  London.    Nov.  1866.    4U).— 

From  the  Society. 
Proceedings  of  the  Royal  Inatitntion  of  Oreat  Britain.    Vol. 

V.  Parte  1,  2.     Svo.— JVom  the  Society. 
Proceedings  of  the  Meteorological  Society.    Vol.  III.  Nos. 

31,  32.     8to.— from  the  Society. 
Journal  of  the  Linnean  Society.     Vol.  IX.  Nos.  36,  37 

(Zoology) ;  Vol.  IX.  No.  40 ;  Vol.  X.  No.  41  (Botany). 

8to. — From  the  Society. 
Proceedings  of  the  Linnean  Society  for  186&-67.    8to. — 

From  the  Society. 
General  Index  to  the  first  25  Vols,  of  the  Transactions  of 

the  Linnean  Society.    London,  1867.    4to. — From  the 

Society. 
Proceedings  of  the  Royal  Uedical  and  Chirorgical  Society 

of  London.     Vol.  V.  No,  8.     8vo.— From  the  Society. 
Joncnal  of  the  Statistical  Society  of  London.    Vol.  XXX. 

Parts  2,  3.    8vo.— From  the  Society. 
Quarterly  Jonraal  of  the  Geological  Society.    Vol.  XXIII. 

Parte  2,  3,  4.    Svo.—From  the  Society. 
List  of  the  Geological  Society  of  London,  November  1867. 

8vo. — From  the  Society. 
Transactions  of  the  Zoological  Society  of  London.  Vol.  VI. 

Parts  1,  2,  3.     ito.—From  the  Society. 
Proceedings  of  the  Zoological  Society  of  London  for  1866. 

8vo. — From  the  Society. 
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Proceedings  of  the  Royal  Horticultnral  Society.  Vol.  I. 

(New  SerieB.)     No.  8.     8vo. — From  the  Society. 
Keport  of  the  Committee  of  the  Harveiao  Uedical  Society, 

for  the  Prevention  of  Venereal  DiseaMS.    Iioudon,  1867. 

8vo. — From  the  Society. 
Lund. — Lunds  TTniverBitets  Ars-skrift  Uathematik  ooh  Natnrve- 

tenskap.   Batts  och  StatBTetenskap.  Fhilosoplii  Spr&kve- 

tenekap  och  Hietoria.    1865.    ito.—Frvm  the  Utiivenity. 
LyoTu. — Mgmoiiea  de  I'AcadSmie  Imp6riale  dee  Sciences,  Belles- 

Lettres,  et  Arts  de  Lyon.   Classedes  Lettres.  Tome  XII. 

Clasae  des  Sciences.   Tome  XIV.,  XV.    Bm.—From  the 

Academy. 
Annates  de  la  Soci€tS  d' Agrioul tore,  d'Histo ire  Natarelle,  et 

des  Arts  utiles  de  Lyon.    Tome  IX.,  X.    Bvo.— ^rom 

IheSodeiy. 
Maesachutetls. — Proceedings  of  the  Essex  Institate  at  Salem.  Vol. 

IV.,  Vol.  V.  Nos.  1  and  2.     8yo.— From  the  IrutUvte. 
Melbourne. — Transactions  and  Proceedingg  of  the  Royal  Society  of 

Victoria.     Vol.  VIII.  Part  I.     Svo:—From  the  Society. 
Milan. — Reale  Istitnto  Lombarda  di  Scienze  e  Lettere — Classe  di 

Sctenze  Matematiche  e  Naturali.     Vol.  II.  Fasc.  9, 10 ; 

Vol  III.  Fasc.  1-9.     Classe  Morali  e  Politiohe.    VoL  II. 

Faac.  8-10;  Vol.  III.  Fasc.  1-10.— 870.     OlaBHo  Mate- 
matiche e  Natural!    Vol.  X.  Faeo.  8.    CL  Morali  e  Poli- 

tiche.    Vol.  X.  Fase.  3.     ito.—From  the  Society. 
Solenni  Adunanze  del  Beale  Istituto  Lombardo  di  Soienze 

e  Lettere.    Von  Gnilio  Carcano,   1866.    8vo. — From  the 

Jnttitute. 
Animario  del  Reale  Istituto  Lombardo  di  Scienze  e  Lettere. 

1866.     12mo.— ^rwn  the  Iiutitute. 
MoKOw. — Bulletin  de  la  Soci&tS   Imp6riale  des   Naturalistes  de 

MoBCOD.     Nofl.  3  et  i,  18S6 ;  No.  1, 1867.     8vo.— from 

the  Society. 
Munich. — Sitznngsberichte  der  Eonigl.  Bayer.  Akademie  der  Wis- 

senschaften  zu  Hflnchen.    Tome  I.  Heft  1-4;  Tome  II. 

Heft  1.     8to. — From  the  Academy. 
Abhandlungen  der  Historischen  GlasBO  der  Eoniglich  Bayer- 

iachen  Akademie  der  WissenBchaften.   Band  IX  Atitb.  3. 
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Mathemfttieoh-PhTsikaliacheii  Clawe.    Band  X.  Abtb.  1. 

4to. — From  the  Academy. 
Ifapht. — Bandicooto  delle  Tornate  e  dei  Lavori  dell'  Acidemia  di 

Scienze  Uorali  e  Politicbe,  Anno  eeeto  qnademi  di  Lu- 

glio  e  Agosto,  1867.    S^o.-'—From  the  Academy. 
Ohio, — Iteport  (Twentieth  Anniial)  of  the  Ohio  State  Board  of  Agri- 

cnltnre  for  1865.  Cola mbua,  1866.   8vo.— From  the  Board. 
Oxford. — ABtroDomical  and  Ueteorological  ObeervatioDS  made  at 

the  Radcliffe  Observatory,  Oxford,  in  the  year  1864. 

Vol.  XXIV.     Syo.— From  the  OhterwUory. 
Palermo. — QiOTDale  di  Scienze  Natnrali  ed  Economiche  pabblicato 

per  cnra  del  OoDaiglio  di  perfezionamento  anDeeso  al  R. 

Institnto  Teonioo  di  Palermo.    Vol.  II.  Fasc.  2,  3,  4. 

4to. — From  the  Itutitvie. 
Pari: — ADnalee  dee  Mioee.    Tome  X.,  XI.    8vd. — tVom  the  Eeole 

de  Mine*. 
Nouvellee  Archives  dn  HnB^nm  d'Hiatoire  Katarelle.  Tome 

I.  Faw.  1-4 ;    Tome  II.  Fasc.  1-4 ;    Tome  III.  Faeo. 

1,  2.     4to. — From  the  Natural  Eittory  Mv»eum,  Parie. 
BulletiQ  de  la  Socifitg    de    Geographie,   Mai-Oct.   1867. 

8to. — From  the  Society. 
PkiladeljAia. — Jonroal  of  the  Academy  of  Natural  Sciences  of 

Philadelphia.     New  Series.     Vol  VI.  Part  1.     4to.— 

From  the  Academy, 
Proceedings  of  the  Aoadem;  of  Natural  Sciences  of  Phila- 
delphia.     Vol.  I.,  1841-43;  Vol.  III.,  1846-47;   VoL 

IV.,  1848-49;  1862,  Nos.  1-6;  1866,  Nos.  1-5.      8to. 

— From  the  Academy. 
Proceedings  of  the  American  Academy  of  Arts  and  Sciences, 

Vol.  VII.,  pages  97  to  184.    %io.~From  the  Academy. 
Proceedings  of  the  American  Philosophical  Society.   Vol.  X. 

No.  76.     8to.— From  the  Society. 
St  Pettrtburg, — MSmoires  de  I'AcadSmie  des  Sciences  de  St  Peters- 

.bourg.      vii".  B6rie.       Tome  X.  Nos.  3-16;    Tome  XI. 

Nob.  1-8.     4to. — From  the  Academy. 
Balletin  de  I'Acadfimie  Imp^riale  des  Sciences  de  St  Peters- 

bourg.    Tome  X.  Nos.  1-4 ;  Tome  XI.  Nos.  1-4 ;  Tome 

XII.  No.  1.     4io.~From  the  Academy. 
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Compt«-Ileadu  Annuel  AdreeeA  a  S.  £bc.  M.  de  Beotem,  par 

le  Directeur  de  I'Obaervatoire  FhyBiqas  Central  A.  T. 

Kupffet,   ISGl.      St  Fetereburg,  1365.     ito.-~From  the 

Suuian  Oovemm«ni. 
AnnaleB  de  rObaervatoire  Physique  Central  de   Buesie, 

1863,  (with  Supplement)  1861.    St  Petersburg,  1865-66. 
4t0. — From  the  Bvatian  Oovemment. 

Toronto. — Canadi&n  Journal  of  Indastij,  Science,  and  Art  New 
Series,  Nob.  63-65,     6vo. — From  the  Canadian  InMitvie. 

Turin. — Atti  della  B.  Accademia  delle  Scienze  di  Torino.  Vol.  I. 
Diep.  3-7 ;  Vol.  II.  Diep.  1-3.  Svo—From  A«  Academy. 
Memorie  della  Beale  Accademia  delle 'Scienze  di  Torino. 
Serie  eeconda.     Tomo  22.     4to. — From  the  Academy. 

Utrtcht. — ^Aanteekeuingen  van  bet  Verbandelde  in  de  Seotie- 
Tergaderingen  van  het  Provinciaal  Utrecbtecb  Oenoot- 
schap  yan  Eunsten  en  Wetenscbappen  ter  gelegenheid 
van  de  Algemeene  Yergadering,  1866.    8to. — From  the 

Ueteorologiacbe  WaornemiDgen  in  Aederland  en  Zijne 
Bezittingen  en  Afwijkingen  van  Temperktunr  eu  Baro- 
meteratand  of  vele  Plaateen  in  Europe  utigegeven  door 
het  Eoninklijk  Nederlandscb  Ueteorologisch  Inetituvt, 

1864.  Dtrecbt,  1866.     ito.— From  the  ItutUuU. 
Nederlandscb  Meteorologisob  Jaarboek,  1864,  1865,  1866. 

Utrecbt,  1866.     4to. — From  the  Meteorological  Iiutituta  of 
Utrecht. 
Verslag  van  bet  Verbandelde  in  Algemeene  Tergadering 

van  het  Provinciaal  Utrechteob  Oenootscbap  van  Enn- 

sten  en  Wetenschappen  gebonden  den  16  October  1866. 

8to, — From  the  Society. 
Ftenna.— JahibUcber  der  Eaiserliob-ESniglicheD  Central -Anstalt 

fur  Ueteorologie  und  Erdmagnetiemns,  von  Carl  Jelinek 

und  Carl    Fritech.     Band  I.,  1864.     4to.— i^nwt  the 

Society. 
Sitzungaberichte  der  Eaieerlicben  Akademio  der  Wiseen- 

scbaften.    PhiloBophiBcb-Hiatoriscbe  Claaee.    Band  LIII. 

Heft  1-3.    Uatbematisoh  Classe.    Band  LIV.  Heft  1-4. 

8vo, — From  the  Academy. 
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Wathington. — Memoirs  of  the  National  Academy  of  Sciences. 
Vol.  1.     4to,— fVom  the  Academy. 

AfitroDomical  Observationa  made  at  the  U.S.  Naval  Obser- 
vatory daring  1851  and  1852.  WaBhiugton,  1667.  4to. 
— Drom  the  Ohtervalory. 

HiacellaneouB  CoUeotioDB  of  the  Smithsonian  Inatttution. 
Vole.  VI.  and  VII.     8vo. — From  the  IntlUution. 

Report  of  the  Board  of  Regents  of  the  Smitheonian  Institu- 
tion, Washington,  for  1865.     8to. — From  the  IrutUuHon. 

Report  of  the  Secretary  of  War,  with  accompanyiDg  paper. 
Washington,  1666.     8vo. — From  the  American  Govern- 

Report  on  Epidemic  Cholera.  Washington,  1867.  4to. — 
From  the  War  Office,  U.S. 
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ROYAL  SOCIETY  OF  EDINBURGH. 


Monday,  16th  Decemler  1867. 

Pbofessob  LYON  PLATFAIB,  C.B.,  Vice-Preaident, 
in  tbe  Chair. 

The  followiDg  Commanications  were  read  : — 

1.  On  Polyzomal  Curves,  otherwise  the  Curves 

VT  +  VF  +  &o.  =  0. 

B;  Professor  Cajle;.     Commomcated  by  Professor  Tait. 

If  n,  V,  &c.,  are  tation&l  and  integral  fnnotioDB  (*)(x,  y,  ty, 
all  of  the  some  degree  r,  in  regard  to  the  co-oidinatee  (so,  y,  i),  then 
V'^+  a/''+  &c.  is  a  polyzame,  and  the  curve  »/U+  i/V -^  &c. 
=OapoljzomaIciirve.  Eachof  theonrreBVC^" ''i  '/V=0,&ti. 
(or  say  the  cnrres  U  =  0,  V  =  0,  Ac),  ia  on  account  of  ita  rela- 
tion of  circnmBcription  to  the  cnrre  JU+  ^F  +  &c.  =  0,  con- 
sidered as  a  girdle  thereto  ({(u/u),  and  we  have  thence  the  tenn 
"zonae"  and  the  derived  ezpreBsione  "polyzome,"  "zomal,"  Ac. 
If  the  number  of  the  zomes  -Ju,  JV,  &c.  be  =  i',  then  we  have 
a  t^zome,  and  corresponding  thereto  a  v-zomal  curve  \  the  cnrvee 
U  =  0,  V  =  0,  Ac,  are  the  zomal  cnrvea  or  zomals  thereof.  The 
caees  f  =  I,  v  =  2,  are  not,  for  their  own  Bake,  worthy  of  coneidei- 
ation ;  it  is  in  general  assumed  that  r  is  =  3  at  least.  It  is  some- 
times convenient  to  write  the  general  equation  in  tbe  form 
•/UJ  -)-  Ac.  =  0,  where  I,  Ac.,  are  constants.  The  memoir  oon- 
tains  researches  in  regard  to  the  general  v-zomal  rorre;    the 
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branches  tbereof,  the  order  of  the  cnrre,  ite  BlngnlaritieB,  class, 
&c. ;  also  in  regard  to  the  vzomal  curve  V'C®  +  -t*)  +  4c.  =  0, 
where  the  zoma)  corves  0  +  ii  4  -  0,  all  pass  through  the  points  of 
intersection  of  the  same  two  cuiveB  0  =  0,  $  =  0  of  the  orders 
T  and  r  — «  respectively ;  laclnded  herein  we  have  the  theory  of  the 
depression  of  order  as  arisiDg  from  the  ideal  factor  or  factors  of  a 
branch  or  branches.  A  general  theorem  is  given  of  "  the  decom- 
position of  a  tetrazomal  curve,"  viz.,  taking  the  equation  to  be 
JW -V  .J^TV  +  JWW  +  jyr  =  0  i  then  if  U,  V,  W,  T 
are  in  involution,  that  ie,  connected  by  an  identical  equation 
a  t7  +  b  F  +  c  IF  +  d  r  =  0,  and  if  i,  m,  n,  p,  satisfy  the  con- 
dition T  +  "b  ■*■  o"  ''"  d  "^  **'  *^^  tetrazomal  curve  breaks  up 
into  two  trizomal  curves,  each  ezpreasible  by  means  of  any 
three  of  the  four  functions  U,  V,  W,  T;  for  example  in  the  form 
yfl'  U  +  >Jm'  V  +  Vp*7  =  0.  If,  in  this  theorem,  we  take  p  =  0, 
then  the  original  curve  is  the  trizomal  JIU  +  -Jm  F  +  */«  W  =  0, 
T  ia  any  function  =-T-(a(7+  bF+c  JF),  where,  considering 
I,  m,  fl  as  given,  a,  b,  c  are  quantities  subject  only  to  the  condition 

—  4-  -J-  4.  —  =  0,  and  we  have  the  theorem  of  ""the  variable 
ft  ^  b  ^  0         ' 

zomal  of  a  trizomal  curve,"  viz^  the  equation  of  the  trizomal 

^lU  +  -Jm  7  +  JnW  =  0,  may  be  expressed  by  means  of  any 
two  of  the  three  functions  U,  V,  W,  and  of  a  function  T  determined 
as  above,  for  example  in  the  form  VI'  U  +  \'m'  V  +  Jp'  T  =  0; 
whence  also  it  may  be  expressed  in  terms  of  three  new  functions 
T,  determined  as  above.  This  theorem,  which  occupies  a  promi- 
nent position  in  the  whole  theory,  was  suggested  to  me  by  Mr 
Casey's  theorem,  presently  referred  to,  for  the  construction  of  a 
bicircular  quartic  as  the  envelope  of  a  variable  circle. 

In  the  v-zamal  curve  Vl(@  +  i*)  +  &c.=  0,  if  0  =  0  be  a  conic, 
*=0ftline,  thezomalfl©  +i*  =  0,  Ac,  are  conies  passing  through 
the  same  two  points  ®=  0,  *  =  0,  and  there  is  no  real  loss  of  genera- 
lity in  taking  these  to  be  the  circular  points  at  infinity — that  is, 
in  taking  the  conies  to  be  circles.  Doing  this,  and  using  a  special 
notation  A^^O  for  the  equation  of  a  circle  having  its  centre  at  a 
given  point  A,  and  similarly  A=0  for  the  equation  of  an  evaues- 
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ceDt  circle,  or  Bay  of  the  point  A,  we  have  the  vzomal  curve 
t/lA"  +  &c.  =  0,  and  the  more  special  form  ViA  +  &c.  =  0.  As 
regards  the  last  mentioDed  curve,  V  A  +  &c.  =  0,  the  point  A,  to 
wbich  the  equatioD  A  =  0  beloDgs,  is  a  focus  of  the  curve,  viz.,  in 
the  case  v  =  8,  it  is  an  ordinary  focus,  and  in  the  case  v  >  3,  it  is 
a  special  kind  of  focus,  which,  if  the  term  were  required,  might  be 
called  a  foco-focus;  tbe  memoir  contains  an  explanation  of  the 
general  theory  of  the  foci  of  plane  curves.  For  v  ==  3,  the  equa- 
tion V/A  +  v'mB  +  V"C  =  0  is  really  equivalent  to  the  appa- 
rently more  general  form  JIA"  +  V"'B"  +  ^nC  =  0.  In  fact, 
this  last  is  in  general  a  bicircniar  quartic,  and,  in  regard  to  it,  the 
before-mentioned  theorem  of  the  variable  zomal  becomes  Mr  Casey's 
theorem,  that  "  the  bicircniar  quartic  (and,  as  a  particular  case 
thereof,  the  circular  cubic)  is  the  envelope  of  a  variable  circle, 
having  its  centre  oq  a  given  conic,  and  cutting  at  right  angles  a 
given  circle."  This  theorem  is  a  sufBcient  basis  for  the  complete 
theoiyofthe  trizomal  curve  VfA"  +  VmB"  -|-  VnO"  =  0;  and  it  is 
thereby  very  easily  seen  that  the  curve  VfA"  +  ^mB' +  t/nC''  =  0 
can  be  represented  by  an  equation  Vi'A'  +  ^/w'B'  +  v'»'C'  =  0. 
But  for  i-  ^  3,  this  is  not  so,  and  the  curve  •/IA+&0.  =  0  is  only  a 
particular  form  of  the  curve  VIA"  +  &c.  =  0 ;  and  the  discussion  of 
this  general  form  is  scarcely  more  difBcuIt  than  that  of  the  special 
form  VIA  +  &c.  =  0,  included  therein.  The  investigations  in 
relation  to  the  theory  of  foci,  and  in  particular  to  that  of  the  foci  of 
the  circular  cubic  and  bicircular  quartic,  precede  in  the  memoir  the 
theories  of  the  trizomal  curve  -JlA"  +  VwB"  +  ^/nC''  =  0,  and 
of  the  tetrazomal  curve  J  A"  +  ^mB"  +  V'nC*  +  VpD°  =  0, 
to  which  tbe  concluding  portions  relate.  I  have,  accordingly, 
divided  the  memoir  into  four  parts,  viz.,  these  are  Fort  I.,  On 
Folyzomat  Curves  in  general ;  Part  II.,  Subsidiary  Investigations ; 
Part  III.,  On  the  Theory  of  Foci ;  and  Part  IV.,  On  the  Trizomal 
and  Tetrazomal  Curves,  where  the  zomals  are  circles.  There  is, 
however,  some  necessary  intermixtuje  of  the  theories  treated  of, 
and  the  arrangement  will  appear  more  in  detail  from  the  headings 
of  tbe  several  articles.  The  paragraphs  are  numbered  continuously 
through  the  memoir.  There  are  four  Annexes,  relating  toqueetions 
which  it  seemed  to  me  more  convenient  to  treat  of  thus  separately. 
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It  iB  right  that  I  ahould  esplain  the  very  great  extent  to  which, 


in  the  compoaition  of  the  preaent  memoir,  I  am  indebted  to  Mr 
Casey's  reaearchefl.  Hia  paper  "  On  the  Equations  and  Propertiea 
(1.)  of  the  System  of  Circles  touching  three  circles  in  a  plane ; 
(2.)  of  the  System  of  Spheres  touching  four  spheres  in  space ;  (3.) 
of  the  Syatem  of  Circles  touching  three  cireles  on  a  sphere ;  (4.)  on 
the  System  of  Conies  inscribed  in  a  conic,  and  touching  three  in- 
ecribed  conies  in  a  plane,"  was  read  to  the  Royal  Irish  Academy, 
April  9, 18G6,  and  is  published  in  their  "  Proceedings."  The  fun- 
damental theorem  for  the  equation  of  the  pairs  of  circles  touching 
three  given  circles  wae,  previous  to  the  publication  of  the  paper, 
mentioned  to  me  by  Dr  Salmon,  and  I  communicated  it  to  Professoi 
Cremona,  suggesting  to  him  the  problem  solved  in  his  letter  of 
March  3,  1866,  as  mentioned  in  my  paper,  "  Investigations  in 
connection  with  Casey's  Equation,"  "Quart.  Math.  Journal, "t.  viii. 
1867,  pp.  334-341,  and  as  also  appears,  Annex  No.  IV.  of  the  present 
memoir. 

In  connection  with  this  theorem,  I  communicated  to  Mr  Casey, 
in  Mareh  or  April  1867,  the  theorem  No.  164  of  the  present 
memoir,  that  for  any  three  given  circlee,  centres  A,  B,  C,  the 
equation  BC/^"  -f  CA  VB"  +  ABVC  belongs  to  a  Cartesian. 
Mr  Casey,  in  a  letter  to  me  dated  30th  April  1867,  informed  me  of 
his  own  mode  of  viewing  the  question  as  follows: — "The  general 
equation  of  the  second  order  (o,  6,  e,  f,  g,  A)  (a,  ft  yf,  where  a,  (3,  y 
are  circles,  is  a  biciicular  quartio.  If  we  take  the  equation 
(a,  b,  c,f,  g,  h)  (X,  fi,  v^  in  tangential  co-ordinates  (that  is,  when 
K,  H,v  U6  perpendiculars  let  fall  from  the  centres  of  a,P,y  on  any 
line),  it  denotes  a  conic;  denoting  this  conic  by  F,  and  the  circle 
which  cuts  a,  P,y  orthogonally  hy  J,  I  proved  that,  if  a  variable 
circle  moves  with  its  centre  on  F,  and  if  it  cuts  iT' orthogonally, 
its  envelope  will  be  the  biciicular  qnaitio  whose  equation  is  that 
written  down  above ;"  and  among  other  consequences,  he  mentions 
that  the  fooi  of  F  are  the  double  foci  of  the  quartic,  and  the  points 
in  which /cuts  J"  single  foci  of  the  quartic,  and  also  the  theorem 
which  I  had  sent  him  as  to  the  Cartesian,  and  he  refers  to  his 
paper  on  bicircular  quartics  aa  then  nearly  finiahed.  An  abstract 
of  the  paper  as  read  before  the  Boyal  Irish  Academy,  10th  Feb- 
ruary 1667,  and  published  in  their  "  Proceedings,"  pp.  44,  45,  con- 
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tains  the  tbeorems  mentioned  id  the  letter  of  30th  April,  and  some 
other  theorems.  It  is  not  ueceaBai;  that  I  ehonld  particnlitrlj 
explain  in  what  manner  the  present  memoir  has  been,  in  the  couree 
of  writing  it,  added  to  or  altered,  in  cooeequence  of  the  infor- 
mation which  I  have  thus  had  of  Mr  Casey's  researches ;  it  is  enongb 
to  ea;  that  I  have  freely  avtuled  myself  of  such  infonnation,  and 
that  there  is  no  question  as  to  Mr  Qaaey's  priority  in  anything 
which  there  may  be  in  common  in  his  memoir  on  Bicircnlar  Quai- 
ticB  and  in  the  present  memoir. 


2.  Note  on  the  Hodograpb.    B7  Frofeesor  Tait. 

The  object  of  the  present  Note  is  to  show,  by  a  few  examples 
(of  which,  however,  the  last  is  the  only  one  of  any  rea^  import- 
ance), how  easily  the  geometrical  ideas  supplied  by  Hamilton's 
beautiful  invention  of  the  Hodograpb  enable,  us  to  dispense  with 
analytical  processes  in  the  establishment  of  some  of  the  funda- 
mental propositions  connected  with  the  motion'  of  a  single  particle, 
hesides  many  others  which  are  merely  curious;  and  also  how  they 
help  us  to  understand  the  full  bearing  of  some  of  the  analytical 
methods.  Some  of  the  simplest  of  such  geometrical  investigations 
are  given  in  "  Tait  and  Steele's  Dynamics  of  a  Particle,"  and  will 
not  be  reproduced  here;  though  a  few  of  the  results  will  be 
assumed, — as,  for  instance,  that  when  the  acceleration  is  directed 
to  a  fixed  point,  and  varies  inversely  as  the  square  of  the  distance 
from  it,  the  hodograpb  is  a  circle,  and  the  path  a  conic  section,  of 
which  the  point  is  a  focus. 

1.  If  the  figure  represent  an  ellipse  and  its  auxiliary  circle,  it  is 
known  that  the  circle  may  be  considered  as 
the  hodograpb  corresponding  to  planetary 
motion  in  the  ellipse,  but  turned  through  a 
right  angle.  In  fact,  if  TPZ  be  a  tangent 
to  the  ellipse  at  P,  SY'  is  proportional  to 
the  velocity  at  F,  and  perpendicular  to  it 
in  direction.  The  actual  velocity  bears  to 
SY'  the  ratio  of  /*  to  ha,  in  the  usual  notation. 

Hence  the  tangent  at  Y'  is  perpendicular  to  SP  (the  direction  of  / 
acceleration),  and  thus  we  have  an  immediate  proof  that  SP  W 
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parallel  to  Y'CZ.  But  by  this  meaos  we  also  get  at  once,  and 
without  aoalysiB,  the  two  wetl-known  and  pecnliar  first  integrals, 
in  the  form 

which  cannot  be  directly  deduced  from  the  equations  of  accelera- 
tion 

[The  equation  of  the  orbit  is,  of  couree, 


ft  =x5-  yi  =  e(r+  ex), 


from  which  we  see  that 


=  /^a  -e')]. 


2.  The  only  central  orbits  whose  hodographs  also  are  described 
as  central  orhits,  are  those  in  which  the  acceleration  varies  directly 
as  the  distance  from  the  centre. 
Let  S  be  the  centre,  P  any  point  in  the  path,  p  the  correspond- 
ing point  in  the  hodograph,  ]/  that  in  the  hodo- 
graph  of  the  hodt^aph.    Then  Sj/  is  parallel 
to  the  tangent  at  p,  which  ^^in  is  parallel  to 
SP.    Hence  PSp'  is  a  straight  line.     Also, 
since  p  belongs  (by  hypothesis)  to  a  central 
orbit,  the  tangent  at  p'  is  parallel  to  Sp,  *.  e., 
to  the  tangent  at  P.     Hence  the  locus  of^  is 
similar  to  that  of  P,  and  therefore  Sp'  is  propor- 
tional to  SP.    But  Sp'  represents  the  accelera- 
tion at  P.    Hence  the  proposition. 

3.  If  n  be  the  accelerati^c  in  a  central  orbit, 
It  that  required  for  t'ae  description  of  the  hodo- 
graph as  a  central  orbit;  h,  K,  the  moments  of 
momeDtum,  and  r,  r',  the  radii  vectores  in  the  two  orbits, 

nn'  =  ^'  T^  . 


In  the  figure  above  let  ST  a  w  and  %  =  w  be  the  perpendi- 
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calarB  from  S  on  the  tangente  at  F  and  p,  p  and  p'  the  radii  of 
curvature  at  F  and  p,  then 


Also  the  velocity  at  j)  is 

n  =  -^'  . 

But,  since  we  have  11  =  r'  .  —  .- 

p     w 

(as  we  see  by  expressing  it  in  terms  of  the  angular  velocity  of  Sp), 
if  Sp*  be  called  r',  we  have 

P       " 

Henoe,  as  nr'  •*  h,  w'r    =  h' , 

h     rV       h    /A''       A" 

Or,  raore  simply,  if  v  he  the  velocity  in  the  orbit,  we  bave,  by 
espressing  the  centrifugal  force  in  terms  of  the  normal  component 
of  the  acceleration 


[This  ia  the  well-known  formula 


n-^^.l 

Thus 

nn' 

h'r     h-r       4"     , 

becann  from 

r.'  .  r',  -  * 

we  have  at  once 

^r-  =  „V  . 

4.  Again,  if  the  hodograph  be  a  circle  described  with  uniform 
angular  velocity  about  a  point  in  its  circumference,  the  path  is  the 
cycloidal  brachistochrone. 
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For,  if  AP  be  the  cyoloid  described  by  the  point  F  of  tbe  circle 
SP  lolling  nniformly  on  the  line  AS,  tbe 
velocity  at  F  is  proportional  to  SP,  and 
tbe  direction  of  motion  is  perpendicular 
to  SP.  Hence  the  hodograpb  (tnmed 
through  a  right  angle  in  its  own  plane) 
may  be  represented  by  the  circle  SP, 
described  with  nniform  angular  velocity 
about  the  point  S.  That  the  motion  is  due  to  constant  accelera- 
tion perpendicular  to  AS  is  obvious  from  the  fact  that,  if  Pp  be 
drawn  perpendicular  to  AS,  SP*  <c  Tp. 

5.  If  the  orbit  be  central,  and  be  a  circle  described  about  a  pqint 
in  its  ciiGumfeience,  the  hodograph  is  a  parabola  described  about 
the  focus  with  angular  velocity  proportional  to  the  radius  vector. 

For,  if  S  be  the  centre  of  force,  F  the 
point  in  its  ciroular  orbit,  p  the  corre- 
sponding point  of  the  bodc^raph :  qp,  tbe 
tangent  to  the  hodograph  at  p,  must  be 
parallel  to  SP ;  and,  therefore,  if  SQjr  be 
tbe  tangent  at  S,  the  triangle  pS;  (being 
similar  to  PSQ)  is  isosceles.  Thus  tbe 
locus  of  p  is  a  parabola.  Also  tbe  angular  velocity  of  Sp,  being  the 
same  as  that  of  PQ,  is  doable  that  of  SP,  and  is,  therefore,  in- 
versely as  SP'.  But  the  length  of  Sp  is  inversely  as  the  perpen- 
dicular from  S  upon  FQ,  i.e.,  inversely  as  SF'. 

6.  A  point  deacrihes  a  logarithmic  spiral  with  uniform  angular 
velocity  about  the  pole — find  the  acceleration. 

Since  the  angular  velocity  of  SF 
and  the  inclination  of  this  line  to 
the  tangent  are  each  constant,  the 
linear  velocity  of  F  is  as  SP.  Take 
a  length  FT,  equal  to  e  SF,  to  repre- 
sent it.  Then  the  hodograph,  the 
loGus  of  p,  where  Sp  is  parallel,  and 
equal,  to  FT,  ia  evidently  another  logorithmio  spiral  similar  to 
tbe  former,  and  described  with  the  same  uniform  angular  velocity. 
Hence  pt,  tbe  acceleration  required,  ie  equal  to  e  Sp,  and  mabes 
with  8p  an  angle  equal  to  SFT.     Hence,  if  Pu  be  drawn  parallel 
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and  equal  to  j>t,  and  *tv  parallel  to  FT,  the  whole  acceleration  Pu 
ma;  be  leeolved  into  Fv  and  vu;  and  Fiw  is  an  isoflceles  triangle, 
whose  base  angles  are  each  eqnal  to  the  angle  of  the  spiral.  Hence 
Fv  and  vu  bear  constant  ratios  to  Fu,  or  to  SF  oi  PT. 

The  acceleration,  therefore,  is  composed  of  a  central  attractiTe 
part  proportional  to  the  distance,  and  a  tangential  retarding  port 
proportional  to  the  velocity. 

And,  if  the  resolved  part  of  P's  motion  parallel  to  any  line  in 
the  plane  of  the  spiral  be  considered,  it  is  obvions  that  in  it  also 
the  acceleration  will  consist  of  two  parts — one  directed  towards  a 
point  in  the  line  (the  projection  of  the  pole  of  the  spiral),  and 
proportional  to  the  distance  from  it,  the  other  proportional  to  the 
velocity,  hnt  retarding  the  motion. 

Hence  a  particle  which,  unresisted,  would  have  a  simple  har- 
monic motion,  has,  when  subject  to  resistance  proportional  to  its 
velocity,  a  motion  represented  by  the  resolved  part  of  the  spiral 
motion  just  described. 

If  a  be  the  angle  of  the  spiral,  u  tike  angular  velocity  of  SP,  we 
have  evidently 

PT .  sin  a  =  SP .  u. 
Hence 

P»-P.  =  p,-^  =  jA;PT.3^SP.»-.SPC..ppo») 

and  vu  =  2Po .  cos  a 

sin  a 

Thus  the  central  force  at  unit  distance  is  n'  = 

efGcient  of  resistanoe  is  li;  =  -"7°  ■■■-  ■ 
Bin  ft 

Thetimeof  oscillation  is  evidently-?*;  bot,  if  there  had  been 
no  resistance,  the  properties  of  simple  harmonic  motion  show  that 
it  would  have  been  — ;  so  that  it  is  increased  by  the  resistance  in 
the  ratio  cosec  a :  1,  orn:  v  n'- .. 
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The  r&te  of  diminudon  of  SP  is  evidently 

PT.co..  =  -»gl?SP_^SPi 
that  is,  SF  dimiaieheB  in  geometrical  progreBBion  as  time  incieases, 
the  late  being  g  per  nnit  of  time  pei  unit  of  length.     By  an 
ordinary  result  of  arithmetic  (compound  interest  payable  every 
Instant)  the  diminntioo  of  log.  SP  in  nnit  of  time  is  „  ' 

This  piocesa  of  solution  is  only  applicable  to  resisted  harmonic 
vibrations  when  n  is  greater  than  ^-    When  n  is  not  greater  than 

it 

g  the  auxiliary  curve  can  no  longer  be  a  logarithmic  spiral,  foi  the 

moving  particle  never  describee  more  than  a  finite  angle  about  the 
pole.  A  curve,  derived  from  an  equilateral  hyperbola,  by  aprocess 
Bomevhat  reBombling  that  by  which  the  logarithmic  spiral  is 
deduced  from  a  circle,  must  be  introduced ;  and  then  the  geo- 
metrical method  ceases  to  be  simpler  than  the  analytical  one,  so 
that  it  is  useless  to  pursue  the  investigation  farther,  at  least  from 
this  point  of  view. 


S.  On  the  Antiquity  of  Intellectnal  Man :  from  a  Practical 
and  Astronomical  point  of  view.  By  Professor  C,  Piazzi 
Smyth. 

The  author  of  this  paper  confined  himself  entirely  to  the  use  of 
eontemporary  data;  and  amongst  these,  the  only  kinds  found  avail- 
able for  the  very  earliest  ages,  were  buildings  of  one  kind  or 
another. 

Examining  these  again,  after  their  first  approximate  arrange- 
ment in  chronological  relative  order  by  well-known  archnologists, 
it  was  discovered  that  there  resided  a  peculiar  astronomical  opposi- 
tion between  the  chief  structures  in  the  valley  of  the  Bnphratee 
and  those  in  the  valley  of  the  Nile. 

The  final  contest  for  antiquity  amongst  all  the  archseologicat 
known  remains  of  the  whole  earth  seemed  to  lie  entirely  with  the 
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Euphrates  and  Nile  eetiea  of  builduigs;  the  palm  being  a«Big;ned 
at  last  to  the  Great  Pyramid  begiDning  of  the  latter. 

This  particalar  monumeat,  being  then  still  farther  examined  for 
the  manner  of  ita  originatioa  and  appearance,  was  fonnd  to  be  in 
direct  violation  of  what  has  often  been  laid  down  slBewhere  to  be 
the  mle  or  natural  law  of  all  purely  human  work.  And  as  Bucb 
interference  with  a  natural  law,  ia  in  so  far  one  of  the  oxdinary 
definitions  of  a  miracle,  a  yet  more  Btriogent  examination  of  the 
monument  was  made ;  and  resulted  in  the  discovery,  partly  by  some 
of  the  anthor's  friends,  of  a  continued  and  consistent  series  of 
geometrical  and  physical  data,  infinitely  above  the  knowledge  of 
all  mankind  in  the  days  when  the  Great  Pyramid  was  constructed ; 
and  therefore  in  so  far  strengthening  the  conclusion  for  a  miracle, 
already  otherwise  obtained. 

First,  therefore,  beyond  compare,  of  all  known  human  architec- 
tural remains,  in  point  of  both  time,  moral  purity,  mechanical 
•excellence,  and  philosophical  knowledge ;  and  dating  itself  astro- 
nomioally  from  no  further  back  than  2170  b,o.,  the  author  thought 
that  the  continued  study  of  this  Great  Pyramid  building  was 
likely  to  shed  a  most  unexpected  amount  of  light  on  the  doctrine 
of  miracles  in  general ;  as  well  as  on  what  was  the  manner  of  ap- 
pearance of  the  first  traces  of  a  high  order  of  human  civilisatiou  in 
the  present  post-diluvian  history  of  the  world. 


Monday,  6th  Jaraiary  1868. 

De  CHaiSTISON,  Vice-President,  in  the  Chair. 

The  Chairman,  in  pieMuting  the  Keith  Medal  to  Professor  Fiozzi 
Smyth,  read  the  following  Uinute  of  Council  relative  to  the  award 
of  the  prize : — "  The  Committee,  having  examined  the  papers  pre- 
sented to  the  Society  within  the  last  biennial  period,  resolve  to  recom- 
mend the  Council  to  award  the  Keith  prize  to  the  communication 
from  Professor  Piazzi  Smyth,  entitled  '  Notes  of  Recent  Ueaaure' 
menta  at  the  Great  Pyramid;'  and  the  Committee  desire  to  record 
their  opinion  that  the  energy,  self-saorifice,  and  skill  displayed  by 
ProfesBoi  Smyth  in  that  vast  seriea  of  meaaaremeuts,  the  detula  of 
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which  are  appeuded  to  the  eeooud  volame  of  hia  '  Life  and  Work 
at  the  Great  Pyramid,'  fully  entitle  him  to  the  highest  teatimony 
which  the  CoudcU  has  in  ita  power  to  confer."  The  ChEiirmaa  then 
handed  the  Eeith  Medal  to  PiofesBor  Smyth,  remarking  that  the 
Connoil  offered  no  opinion  on  the  important  theories  he  had  enun- 
ciated, but  reoognised  the  valuable  character  of  the  measurements 
he  had  made. 


The  following  Communicatioiis  were  read : — 

1.  On  the  Changes  produced  by  direct  Chemical  Addition 
on  the  Physiological  Action  of  certain  Poisons.  By  Drs 
A.  Crum  Brown  and  Thomas  B.  Fraser. 

In  thifi  paper  the  anthers  communicate  the  first  results  of  an 
attempt  to  diacover  the  relation  which  mnet  exist  between  the  • 
chemical  constitution  and  the  physiological  action  of  a  eabatance. 
Aa  the  chemical  constitution  of  tbemajority  of  physiologically  active 
sabatances  is  unknown,  they  investigate  the  subject  by  examining 
the  physiological  action  of  a  aubstance  before  and  after  the  per- 
formance upon  it  of  a  deGnite  chemical  operation,  introducing  a 
known  change  into  its  conetitntion.  The  quBstion  ia  thus  reduced  to 
a  problem  in  what  may  be  called  a  chemico-phyaical  calculus  of 
finite  variations.  Thus,  if  the  chemical  conatittition  be  represented 
by  G,  the  physiological  action,  F,  is  some  unknown  function  of  G, 
aay/C.  In  order  to  find/a  change  is  produced  on  G,  by  which  it 
becomes  C  +  ^  C,  and  the  corresponding  change  of  phyaiological 
action  from  /O  to  /O  +  Af'  0  is  investigated.  We  here  know 
aO,/G,  and  A/*G;  and  by  finding  their  relations  for  asufflciently 
large  number  of  values  of  G  (even  where  these  are  unknown),  and, 
by  varying  A  G,  the  function/maybe  detenninded.  The  change 
of  conatitntion  represented  by  aO  must  be  a  simple  and  unam- 
biguous one.  There  are  two  kinds  of  operatioii  to  ohooae  between 
-^-replacement  and  addition;  and  the  authora  aelect  as  the  first 
anbject  of  inquiry  the  effect  of  addition — that  is,  auch  chemical 
change  as  increaaea  the  active  atomicity  of  atoms  or  radicals.  The 
following  may  be  given  as  simple  examples  of  such  operations : — 
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Their  reason  for  this  eelection  is,  that,  as  far  as  it  is  possible  to 
judge  from  previously  known  facts,  replaoemont  does  not  produce 
nearly  bo  great  a  change  of  physiological  action  as  addition  does. 
Thus,  comparing  the  action  of  carbonic  oxide  and  carbonic  acid, 
hydrocyanic  acid  and  metbylamioe,  arsenioua  and  kakodylic  acids, 
strychnia  and  bmcia,  and  the  salts  of  the  ammoniam  bases  derived 
from  them,  it  may  be  seen  that  addition,  in  many  cases  at  least, 
diminishee  or  remoTes  physiological  activity.  This  comparisoQ 
leads  to  a  soBpicion  that  phyiiogical  activity  is  in  some  vay  con- 
nected with  chemieaX  condeniation,  by  which  term  the  antliore  mean 
susceptibility  of  addition,  whether  the  addition  takes  place  by  the 
increase  of  the  atomicity  of  an  atom,  or  of  a  group  of  atoms.  This 
snspicion  receives  some  confirmation  from  the  fact,  that  such  of 
the  stable  combinations  of  pentatomio  arsenic  and  antimony,  as 
have  been  examined  physiologically,  are  stated  to  be  inert,  while 
all  the  Bolable  componnds  of  triatomic  arsenic  and  antimony  are 
active;  similarly,  the  aromatic  bodies  are,  as  a  mle,  more  active 
than  the  corresponding  fatty  bodies.  The  occurrence,  however,  of 
each  poisons  as  alcohol,  oxalic  acid,  and  corrosive  sublimate  among 
saturated  mbstances,  and  of  comparatively  inert  condenaed  com- 
poonds,  such  as  benzoic  acid  and  salicine,  shows  that  condensation 
is  not  the  only  condittou  of  physiological  activity. 

The  statements  of  Stahlachmidt  and  Scbroff,  in  reference  to  the 
action  of  the  salts  of  metbyl  strychnia,  induced  the  aathors  to  torn 
their  attention,  in  the  fiiBt  place,  to  the  effect  of  the  addition  of 
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iodide  of  methyl  to  the  natural  alkaloide.  Ab  the  iodidee  of  the 
oomplez  ammoninmB  tboa  produced  are,  in  moat  cases,  spuiogly 
soluble  in  water,  they  have  bIbo  examined  the  action  of  the  cor- 
leaponding  sulphates. 

The  poisonous  alkaloids  thaB  examined,  and  included  in  this 
paper,  are  strychnia,  hrucia,  thebaia,  codeia,  morphia,  and  nicotia. 
The  authors  give  details  of  the  processes  followed  in  obtaining  the 
iodide  and  the  sulphate  of  the  methyl-derivatives  of  these  bases, 
and  they  describe  their  physiological  effecta. 

Twelve  grains  of  iodide  of  methyl-strychniam,*  subcutaneously 
administered,  produced  no  effect  on  a  rabbit,  weighing  thiee  pounds. 
Fifteen  grains  were  recovered  from,  after  symptoms ;  and  twenty 
grains  vras  a  fatal  doae.  When  exhibited  by  the  stomach,  twenty 
grains  of  this  compound  did  not  cause  any  symptom ;  while  the 
same  rabbit  was  rapidly  killed  by  one-tenth  of  a  grain  of  strychnia, 
given  in  exactly  the  same  way.  Twenty  grains  of  iodide  of  methyl- 
strychnium  contain  about  fourteen  grains  of  strychnia. 

The  sulphate  of  methyl-Btrychnium,  being  a  much  more  aolnble 
salt  than  the  iodide,  was  found  to  have  a  much  smaller  poisonous 
dose.  One  grain  was  fatal  to  a  rabbit,  by  Bubcutaneous  exhibition. 
Eight-tenths  of  a  grain  were  recovered  from,  while  five-tenths  did 
not  cause  any  symptom.  The  rabbit  that  recovered  after  the 
BdministratioD  of  eight-tenths  of  a  grain  of  sulphate  of  methyl- 
etrychninm,  died  shortly  after  one-twentieth  of  a  grain  of  strychnia 
was  injected  under  the  skin. 

Both  the  iodide  and  the  sulphate  of  methyl-strychnium  produced 
symptoma  altogether  different  from  those  of  strychnia.  There 
were  no  convulsions,  nor  was  there  the  slightest  exaggeration  of 
the  reflex  function;  the  symptoms  were  those  of  paralysis,  and  death 
was  produced  by  the  asphyxia  that  this  occasioned.  The  authors 
farther  investigated  this  action  by  localised  poisoning  in  frogs; 
and  they  have  demonstrated  that  iodide  and  sulphate  of  methyl- 
stiychnium  paralyse  the  peripheral  terminations  (end-organs)  of  the 
motor  nerves,  and,  therefore,  possess  exactly  the  same  action  as 
curaie  (wourali)  has. 

Brucia  and  thebaia  act  in  the  same  way  as  strychnia,  and  it  was 

*  The  BcUou  of  iodide  of  etbjl-atrychninm  was  also  examined,  and  found 
to  be  the  tame  m  that  of  iodide  of  metbyl-strjwhnfniii. 
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found  that  iodide  and  sulphate  of  methyl-bra cium  and  metbyl-the- 
bainm  have  the  sEune  actioa  aa  the  analogona  atiychnia  compounds. 
The  fatal  dose  of  iodide  of  methyl-brucium  was  found  to  be  very 
much  the  same  as  that  of  the  sorrespoudiug  compound  of  Etrychnia  \ 
a  larger  dose  was,  however,  neceseaiy  to  produce  death  with  sulphate 
of  methyl- brucium,  than  with  sulphate  of  methyl-strychDium. 
Iodide  of  methyl-thebaium,  being  more  soluble  in  warm  water,  has 
a  smaller  fatal  dose  than  the  iodides  of  methyl-strychnium  and 
methyl-brucium.  Six  grains  produced  no  effect  when  injected  under 
the  skin  of  a  rabbit ;  eight  grains  caused  symptoms,  which  were  le- 
oovered  from  ;  and  death  occurred  eleven  minutes  after  the  injec- 
tion of  ten  grains.  Eight  grains  of  iodide  of  methyl-thebaium 
contained  about  five  grains  and  a  half  of  thebaia,  and,  for  a  rabbit, 
the  fatal  dose  of  this  alkaloid  is  one-fifth  of  a  grain. 

Among  the  opium  alkaloids,  codeia  ranks  next  to  tbebaia  in  ac- 
tivity. It  was  found  by  the  authors,  that  six  grains  of  iodide  of 
methyl-codeinm  dissolved  in  warm  warer,  and  injected  under  the 
skin  of  a  rabbit,  caused  no  efTect.  Ten  grains,  however,  was  an 
almost  fatal  dose,  and  this  contains  about  twelve  times  as  much 
codeia  as  would  kill  a  rabbit.  It  was  also  found  that  the  fatal  dose 
of  sulphate  of  methyl-codeinm  is  not  very  different  from  that  of  the 
iodide.  Neither  of  these  compounds  posseBS  the  usual  oonvnlsant 
action  of  codeia ;  and  as  this  alkaloid  has  but  a  feeble  soporific  ac- 
tion, it  was  di£Gcalt  to  determine  how  far  this  was  modified  by  the 
direct  chemical  addition  of  methyl  compounds.  The  author  also 
found  that  iodide  and  sulphate  of  methyl-codeium  paralyse  the  motor 
nerve  end-organs,  an  effect  that  is  not  produced  by  codeia  itself. 

Iodide  of  methyl-morphium  is  a  very  insoluble  substance.  The 
largest  dose  that  could,  therefore,  be  administered  subcntaneously 
to  a  rabbit  was  twenty  grains,  and  this  large  quantity  prodnced  no 
effect.  Bight  grains  of  morphia  were,  some  days  afterwards,  ex- 
hibited in  the  same  way  to  this  rabbit ;  the  result  was  a  decided  so- 
porific effect,  followed  by  epileptiform  oonvnlsions  and  death. 

No  effect  was  produced  when  iodide  of  methyl-morphium  was 
administered  to  rabbits  by  the  stomach,  even  in  so  large  a  dose  as 
thirty  grains. 

Becognising  the  possible  fallacies  connected  with  experiments 
with  such  a  substance  on  rabbits,  the  authors  determined  to  observe 
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the  effect  on  maa.  One  of  themBelveB,  accordingly,  took,  on  one 
occasion,  balf  a  grain  of  iodide  of  methyl- moTphinm  as  a  powder, 
and  on  another,  one  grain  (containing  about  thiee-fourthe  of  a  grain 
of  morphia),  hut  on  neither  occasion  vna  there  observed  the  slightest 
Boporifio  or  other  effect. 

Four  grains  of  sulphate  of  methyl-morpbium  produced  decided 
Darcotism  on  a  rabbit,  bnt  no  conTulsive  effect.  Indeed,  with  this 
dose,  and  with  rariouB  others  that  were  given,  paralysis  appeared, 
and  the  authors  have  demonstrated  that  this  symptom  is  due  to  an 
effect  on  the  motor  nerve  end-organs- 

lodide  of  metbyl-nicotium  was  obtained  in  the  form  of  crystals 
extremely  soluble  in  cold  water.  When  given  to  rabbits  by  snbon- 
taneouB  injection,  a  dose  of  five  grains  was  perfectly  inert ;  one  of 
fifteen  grains  produced  serious  symptomB,  followed  by  recoveiy :  and 
a  dose  of  twenty  grains  was  fatal.  The  symptoms  were  principally 
diating^ished  from  those  of  uicotia  by  the  absence  of  convulsions ; 
bnt  no  paralytic  action  on  motor  nerve  end-organa  was  cansed. 

The  authors  have  also  investigated  the  action  of  iodide  of 
methyl,  and  they  obtained  no  evidence  in  support  of  the  extremely 
improbable  hypothesis,  that  some  of  the  changes  produced  in  the 
action  of  the  substances  tbey  bad  examined  might  have  been  due 
to  the  addition  of  the  physiological  action  of  the  methyl  compounds. 
They  conclude  by  discussing  the  possible  causee  of  these  modifica- 
tiona,  by  pointing  out  some  of  the  practical  applications  of  their 
results,  and  by  promising  to  examine  how  far  iodide  of  methyl  may 
prove  an  antidote  to  the  poisonous  efiects  of  these  vegetable  alka- 
loids, whose  fatal  dose  it  increases. 


2.  Od  the  Burning  Mirrors  of  Archimedea,  and  on  tbe  Con- 
centration of  Light  produced  by  Heflectora  By  John 
Scott,  Esq.    Communicated  by  Professor  Eelland. 

That  the  Boman  ships  were  destroyed  by  burning  glasses  in- 
vented by  Archimedes,  is  mentioned  as  afact  by  most  of  the  ancient 
writers,  especially  those  who  treat  on  mechanics,  and  their  state- 
ments  have  been  repeated  by  succeeding  authors,  without  any 
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doabto  having  been  sn^ested  until  comparatiTely  recent  timeE. 
The  earliest  authorities  on  the  subject  are  Diodoros  Sicnlus,  Lncian, 
Galen,  Dion  Caseins,  and  Pappus.  It  is  much  to  be  regretted  that 
a  work  by  the  last  named  anthor  on  the  Siege  of  Syiacnse  Js  now 
lost ;  but  Zonares  and  Tzetzes,  writers  of  the  12th  century,  in 
whose  time  it  was  extant,  give  tinotations  from  it.  That  of  the 
latter,  translated  ptetty  literally,  runs  thus : — "  When  Harcellns 
had  placed  the  ships  a  bow  shot  off,  the  old  man  (Archimedes)  con- 
structed a  sort  of  hexagonal  mirror.  He  placed  at  proper  distanoea 
from  the  minor  other  smaller  mirrors  of  the  same  kind,  which  were 
moved  by  means  of  their  binges  and  certain  plates  of  metal.  He 
placed  it  amid  the  rays  of  the  snn  at  noon,  both  in  summer  and 
winter.  The  rays  being  reflected  by  this,  a  frightful  fiery  kindling 
was  excited  on  the  shipSj  and  it  reduced  them  to  ashes,  from  the 
distance  of  a  bowshot.  Tbos  the  old  man  baffled  Harcellos,  by 
means  of  bis  inventions." 

At  a  later  period,  mirrors  similar  to  that  of  Archimedes,  appear 
to  have  engaged  the  attention  of  Baron  Napier  of  Merchiston,  and 
other  malhematicians;  hot  strange  en ongh,  the  famons  naturalist, 
BnfTon,  was  the  first  to  establish  the  practicability,  and  therefore 
the  probability,  of  the  achievemeot.  He  employed  a  combination  of 
plane  reflectors,  consistiDg  of  ordinary  looking-glasses,  eight  inches 
by  six,  attached  to  a  single  frame.  With  forty  of  these  glasses  he 
set  on  fire  tarred  beech  at  a  distance  of  66  feet.  A  plank  smeared 
with  tar  and  brimstone,  was  ignited  at  126  feet,  by  98  glasses. 
A  combination  of  1 28  glasses,  with  a  clear  snn,  inflamed  very  sud- 
denly a  plank  of  tarred  fir  at  150  feet.  In  addition  to  these  expe- 
riments made  at  Paris,  about  the  beginning  of  April,  others  were 
made  in  snmmer,  by  which  wood  was  kindled  at  200  and  210  feet, 
and  silver  and  other  metals  were  melted  at  distances  varying  from 
25  to  40  feet. 

So  much  for  the  positive  side  of  the  question,  let  ns  now  briefly 
consider  the  negative  side. 

Descartes  and  others  treated  the  whole  affair  of  the  burning 
mirrors  as  a  fiction,  on  the  gratuitous  aasnmption  that  the  specnla 
employed  were  single  parabolic  reflectors.  A  different  and  more 
valid  reason  for  doubt  has  arisen  from  the  circnmstance,  that 
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PoljbiOB,  Livy,  and  Flatorcb,  are  eilent  reepectiDg  the  buming 
minors,  altbough  they  deaaiibe  some  of  the  other  costrivaDces 
employed  by  Archimedes  against  the  assaiUnta.  Id  reply  to  this 
objection,  it  has  been  stated,  as  an  admitted  axiom  in  estimating 
bistorical  evidence,  that  the  sileace  of  oae  author  is  not  sufficient 
to  dispTove  an  event  of  which  another,  even  subsequent  in  point 
of  time,  has  given  a  plaia  and  consistent  narrative.  Besides, 
similar  omissions  by  ancient  historians  are  not  unfrequent ;  and 
in  this  instance,  it  is  the  less  surprising,  since  the  invention  bad 
perished  with  the  fall  of  Syiacuee,  and  the  death  of  tb*e  illns- 
triouB  iDTentoi,  who,  in  the  peculiar  circumstances,  must  have  en- 
deavoured to  keep  from  his  oontemporaries  the  secret  of  its  con- 
struction. 

Betaming  to  BnfTon's  experiments,  Feyrard  appends  to  his  trans- 
lation of  the  works  of  Archimedes  a  memoir  of  his  own,  pointing 
out  the  defects  of  Buffon's  combination  of  refleotois,  viz. : — That 
the  number  of  assistants  required  to  adjust  so  many  mirrors  were 
apt  to  confuse  one  another— the  operation  Itself  wiu  a  tedioos 
one,  taking  about  half  an  hour  for  one  hundred  and  sixty-eight 
minors — and,  after  all,  the  superposition  of  the  light  was  imperfect. 
Again,  after  a  short  interval,  a  readjustment  would  be  rendered 
necessary  by  the  ongnlar  deviation  of  the  rays,  arising  from  the 
varying  position  of  the  sun,  Peyrard  suggests  "  that  each  mirror 
should  be  furnished  with  a  telescope,  and  a  eomewhat  complex 
apparatus,  to  render  the  adjustment  more  speedy  and  accurate,  and 
by  this  means  to  diminish  the  number  of  assistants  required.  This 
remedy  is  admitted  to  be  only  partial.  It  is  proposed,  in  what 
follows,  ta  obviate  the  foiementioned  defects,  by  producing  a  solar 
reSecting  machine,  capable  of  being  directed  by  one  eye,  guided  by 
a  single  hand,  and  coinciding  in  its  construction  with  the  descrip- 
tion in  the  fragment  preserved  by  Tzetzes  from  Pappus. 

It  is  Btat«d  that  Archimedes  contrived  a  hexagonal  mirror,  and 
placed  at  proper  distances  from  it  other  smaller  ones  of  the  same 
kind.  This  peculiarity  has  no  parallel  in  that  of  BnfTon.  Articles 
11,  12,  and  13,  in  the  memoir,  show  how  buming  minors  can  be 
constracted,  conesponding  to  the  above  description,  free  from  the 
defects  of  Buffon,  and  capable,  moreover,  of  darting  the  consuming 
rays  Instantaneously  in  any  given  direction,  thereby  afibrdlng  a 
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Btrong  presnmptioD  that  the  acconnts  leapectiiig  the  Anihimedian 
HiiToi  an  in  the  main  autiientio. 


a  On  the  Great  Pyramid  of  Gizeh,  and  ProfesBor  C.  P. 
Smyth's  Views  concerning  it.  By  A.  D.  Wackeiharth, 
A.M.,  of  Upeala.     Communicated  by  Profesaor  Kelland. 

The  author  givee  a  detailed  statement  of  the  theoriee  of  ProfeBSor 
Smyth,  as  given  in  the  TrMiaactionfl  of  this  Society,  Vol.  XXIII. 
Fart  III.  He  then,  after  heartily  commending  the  zeal  and  dili- 
gence of  the  Fiofessor,  bringB  forward  objectionB  to  some  of  his 
views.  1.  As  to  the  metron  or  unit  of  linear  measoie.  Mr  Wacker. 
barth  objects  that  this  measmre  waa  nttetly  nnknown  to  the  ancient 
Egyptians — appearing  in  no  Egyptian  document  oi  monument 
whatever,  nor  in  any  ancient  writec  who  deecribea  the  condition  of 
the  Egyptians.  Mr  Wackerbarth  collects  from  the  materials  most 
accessible  the  following  table  of  weights  and  meaanrea  in  use  amonget 
the  ancient  Egyptians  (corrected  for  the  recent  measure  of  the  cubit 
of  Kamak,  made  by  Sir  Henry  James). 


1.  XHfi.  (Digitna), 
2  1.  Kf>)>x«i, 


LoNo  MaASUBE. 


1.  ttjon  (PalimiB),    . 

1.  <rHA.T-g,  (V(J>). 


1.  Knbd«h, 

U    '  ^X*t 

1|     1|  !].  Fitr, 

*l     8i  I   2A    I  2A   |1.  JUtig,l(cnbit) 


0-78926 

1-4785 

2-967 

8-69626 

4-4866 

6-914 

8-18176 

9-61926 


ItISBKABY  MxtSDBE. 

1.  £,ooTrrn  (Ena.r), 

60  1.  nog,  npwoj  (i*"'-"). 

[50        2|      I    i.iOTp 


)r628fL8wediBli. 


606-876  ft.  Eog., 
6-9  English  mile*,  < 

mila  =  1^  degree  of  eqaator. 
17-2  English  miles,  or  2|  Norweg. 

milea  =  )  degree. 
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Land  Hsasdbb. 

l.'A^r^  =  llOO  cubits)*  =  10.000  Bqiiara  cnbita  =:  0-688  English  ai 

=  0-667  Sv.  Tanoaland. 


WlHB  MEABDKB. 

1.  'Ajiin^  =  about  i  pint  EDgUsh,  or  nbont  Vn  Swedish  kanna. 


WKioHr. 

1.  eJU-tU.  (Minft)  =  8804  grainB  =  1-1858  lb.  a?.,  or  1-278  Swedish 

Slralpund. 


2.  The  aathoi  then,  finding  no  auob  measure  as  the  metion,  goes 
on  to  eay : — 

"  It  is  reall;  very  unpleasant  to  teject  a  beautiful  and  ingenious); 
carried  out  theory  which  one  wishes  to  believe,  but  I  cannot,  how- 
ever, arrive  at  any  other  coDclueion  than  that  Professor  Smylfa's 
very  interesting  account  of  an  ancient  Egyptian  standard  of  length, 
exactly  equal  to  a  ten-millionth  of  tbe  earth's  axis  of  rotation,  and 
the  entire  system  of  weights  and  measures  that  he  has  deduced 
from  this  imaginary  unit,  requiring  accnrate  knowledge  of  the 
earth's  dimensions,  figure,  and  density,  several  conturies  before  the 
age  of  Abraham,  and  the  snpposed  connection  of  the  English 
measures  with  these,  are  things  purely  mythical.  On  tbe  other 
hand,  that  the  pyramid  and  its  contents  were  really  the  standards 
of  the  ancient  Egyptian  kingdom,  is,  or  seems  to  me  an  opinion 
not  destitute  of  probability ;  but  I  cannot  think  that  those  standards 
were  constructed  with  any  reference  to  the  dimensions  of  the  earth, 
but  that  they  were  arbitrarily  cboeen  quantities,  intended  to  repre- 
sent on  a  tolerably  large  scale  the  size  of  those  portions  of  the 
human  body  which  their  names  indicate :  e.g.,  JULA.^  (cuhUua), 
the  arm  from  the  elbow  to  tbe  point  of  tbe  middle  finger;  OIOTt 
palmva),  tbe  breadth  of  the  hand,  &c.,  &c. 

*'  In  fine,  Professor  Smyth's  method,  namely,  that  of  multiplying 
or  dividing  by  quantities,  for  tbe  introduction  of  which  it  would  be 
hard  to  give  any  satisfactory  reason, — as,  for  example,  the  number 
366,  with  which  the  base  was  divided,  and  whioh  is  osither  the 
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exact  Dumtwr  of  daj'S  in  a  sidereal  year,  nor  anything  else,  and 
again,  the  veiy  uncertain  number,  5,672  (the  earth'a  denei^), 
— appears  to  me  in  the  highest  degree  dangerous.  How  deceitful 
reeultB  thus  obtained  can  he,  I  shall  now,  in  conclasion  of  this  dis- 
caesioD,  attempt  to  illnstrate  hy  a  few  examples ;  and  before  doing 
this,  I  beg  to  state  that,  entertaining  the  highest  respect  for  Pro- 
fessor Smyth,  I  have  not  the  least  intention  of  making  light  of  his 
work,  though  this  method  of  reasoning,  being  analogous  to  the 
reductio  ad  abturdum,  will  unavoidably  at  times  have  something  of 
that  appearance. 

"Ex.  1.  It  is  a  historioal  fact,  that  the  present  English  weights 
and  measures  are  not  of  any  very  great  antiquity.  At  the  time  of 
the  Norman  conquest  the  yard  was  about  39'6  of  the  present  Eng- 
lish inches,  a  little  longer  than  the  French  m6tre;  and  the  foot, 
accordingly,  132  modem  inches,  a  little  greater  than  the  Paris 
foot.  In  the  year  1101,  King  Henry  I.  determined  the  yard  by 
the  length  of  his  own  arm,  and  that  is  the  determination  which 
the  present  yard  is  intended  to  represent ;  and  that  yard,  more- 
over, has  never  been,  even  in  modern  times,  defined  by  any  fraction 
of  any  of  the  earth's  dimensions,  but  by  its  proportion  to  the  length 
of  the  seconds'  pendulum  at  51^°  latitude,  and  of  this  yard  the 
English  foot  is  the  third  part.  Now,  a  dpgree  of  the  equator  is 
just  365,260-524  ft  Divide  a  thousandth  part  of  that  nnmber  by 
the  length  of  the  sidereal  year  in  golar  days,  3«iS-25635S,  and  we 
have  I'OOOOIH;  that  is  to  say,  if  we  take  a  thousandth  of  a  degree 
of  the  equator,  and  divide  it  by  the  number  of  days  in  a  sidereal 
year,  we  have  an  English  foot  as  nearly  as  a  powerful  microscope 
can  determine  it.  And  yet  it  ia  certain  that  this  it  purely  accidental. 
"Ex.  2.  If  I  take  10,000  times  e,  the  base  of  the  hyperbolic 
logarithms,  and  multiply  it  into  the  quantity,  which  in  the  lunar 
theory  is  called  g, — that  is,  the  ratio  of  the  difference  between  the 
moon's  and  its  ascending  node's  mean  motions  to  the  moon's  mean 
motion, — and  divide  the  earth's  polar  radius  by  the  product,  the 
result  is  the  length  of  the  pyramid's  side.  But  are  we  to  suppose 
that  the  Egyptians  forty  centuries  ago  were  acquainted  with  the 
lunar  theory,  the  earth's  compression,  and  the  use  of  logarithms, 
and,  moreover,  took  this  clumsy  method  of  perpetuating  their  know- 
ledge? Is  it  not  far  more  probable  that  the  architect  simply  deter- 
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mined  tfaat  the  length  of  the  side  should  he  444  cnbitB,  and  aooord- 
ingl;  measuied  ont  that  distance  7 

"  Ex.  3.  Again,  if  instead  of  taking  Colonel  Vyse's  measoie  of  the 
base,  we  accept  for  that  quaatit}^  the  mean  of  half  a  dozen  of  the 
moat  trustworthy  travellers'  statements, — for  instance,  Yyee's,  the 
French  Academicians',  Caviglis'a,  Wilkinson's,  Lane's,  and  Davi- 
son's,— we  have  for  the  length  of  the  side  in  English  feet  a  Dumber 
which  ezpresses  in  millimetres  the  mean  height  of  the  barometer 
at  Upsala.  But  will  any  one  maintain  that  the  dimensions  of  the 
pyramid  were  intended  by  its  bnilders  to  have  any  reference  what- 
ever to  that  interesting  coostont? 

"  Ex.  4.  If  we  multiply  together  one-tenth  of  the  side  of  the 
pyramid's  base,  the  length  of  the  line  joining  the  middle  of  the 
side  and  the  apex  (that  is,  the  height  of  each  one  of  the  fonr 
isosceles  tiianglea  that  compose  the  pyramid),  and  the  modulus  for 
the  common  logarithmH,  the  result  is  3420,  the  constant  of  lunar 
parallax,  for  which,  in  Burg's  tables,  the  value  3420''-96  ia  given. 

"Ex.  5.  Lastly,if  the  side  of  the  hase  (763-81)  he  divided  hy  the 
hyperbolic  logarithm  of  w  (the  circumference  to  diameter),  and 
that  quotient  again  by  the  ratio  of  the  force  of  gravity  at  London 
to  the  force  of  gravity  at  the  pyramid  (lat.  =  30°),  (1-00188),  the 
result  is  666 ! " 


4.  On  the  best  Arrangement  for  produciog  a  Pure  Spectruni 
on  a  Screen.    By  J.  Clerk  Maxwell,  M.  A.,  F.R.SS.  L.  &  E. 

In  experiments  on  the  spectrum,  it  is  usual  to  employ  a  slit 
through  which  the  light  i?  admitted,  a  prism  to  analyse  the  light, 
and  one  or  more  lenses  to  bring  the  rays  of  each  distinct  kind  to  a 
distinct  focus  on  the  screen.  The  most  perfect  arrangement  ia 
that  adopted  by  M.  Eirchhoff,  in  which  two  achromatic  lenses  are 
used,  one  before  and  the  other  after  the  passage  of  the  light  through 
the  prism,  so  that  every  pencil  consists  of  parallel  rays  while  pass- 
ing through  the  prism. 

But  when  the  observer  has  not  achromatic  lenses  at  his  command, 
or  when,  as  in  the  case  of  the  highly  refrangible  rays,  or  the  rays 
of  heat,  ho  is  restricted  in  the  use  of  materials,  it  may  still  be  use- 
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fal  to  be  able  to  place  the  leases  and  priem  id  sacb  a  way  aa  to 
bring  the  rays  of  all  cotoare  to  theii  foci  at  approximately  the  same 
dietance  from  the  priam. 

We  shall  firat  examine  the  effect  of  the  priam  in  changing  the 
coDvergency  or  divergency  of  the  pencils  passing  thiongh  it,  and 
then  that  of  the  lens,  bo  that  by  combining  the  prism  and  the  lens 
we  may  cause  their  defects  to  disappear. 

When  a  pencil  of  light  is  refracted  through  a  plane  snrface,  its 
convergency  or  divergency  is  less  in  that  medinm  which  has  the 
greatest  refractive  index ;  and  this  change  is  greater  as  the  angle 
of  incidence  is  greater,  and  also  as  the  index  of  re&action  is 
greater. 

When  the  pencil  passes  through  a  prism  its  convergency  or 
divergency  will  be  diminished  as  it  enters,  and  will  be  increased 
when  it  emerges,  and  the  emergent  pencil  will  be  more  or  less  con- 
vergent or  divergent  than  the  incident  one,  accoidlng  as  the  angle 
of  emergence  is  greater  or  less  than  that  of  incidence.  This  effect 
will  increase  with  the  difference  of  th»e  angles^and  with  the 
refractive  index. 

When  the  angle  of  incidence  is  equal  to  that  of  emergence  the 
convei^nce  of  the  pencil  is  unaltered,  but  since  the  more  refran- 
gible rays  have  the  greatest  angle  of  emergence,  their  convergency 
or  divergency  will  be  greater  than  that  of  the  less  refrangible 
rays. 

This  effect  will  be  increased  by  making  the  angle  of  incidence 
less,  and  that  of  emergence  greater;  and  it  will  be  diminished  by 
increasing  the  angle  of  incidence,  that  is,  by  taming  the  prism 
Tonnd  its  edge  towards  the  slit.  If  the  angle  of  the  prism  is  not 
too  great,  the  convergency  or  divergency  of  all  the  pencils  may  be 
made  the  same  (approximately)  by  turning  the  prism  in  this  way. 

This  correction,  however,  diminishes  the  separation  of  the  colonn. 
It  is  inapplicable  to  a  prism  of  large  angle,  and  it  takes  no  account 
of  the  chromatic  aberration  of  the  lens.  By  altering  the  arrange- 
ment, the  tens  may  be  made  to  correct  the  prism.  The  effect  of  a 
convex  lens  is  to  increase  the  convergency,  and  to  diminish  the  diver- 
gency, of  every  pencil ;  but  the  change  is  greatest  on  the  most  refran- 
gible lays.  The  prism,  except  when  its  base  is  very  mnch  turned 
towards  the  slit,  makes  Hie  highly  refrangible  rays  more  convergent 
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or  more  divergent  than  the  lees  refrangible  rays,  according  as  they 
were  convergent  or  divergent  originally.  If  the  rajB  pass  through 
the  prism  before  they  reach  the  lens,  the  pencils  will  be  divergent 
at  incidence,  and  the  more  refrangible  will  be  most  divergent  at 
emergence.  If  tbey  then  fall  on  the  lens,  they  will  be  more  con- 
verged than  the  rest ;  eo  that  by  a  proper  arrangement  all  may  be 
brought  to  their  foci  at  approximately  the  same  dislanoe.  If  the 
violet  n^s  como  to  their  focus  first,  wo  mast  tam  the  base  of  the 
prism  more  towards  the  light,  and  viae  vena. 

We  proceed  to  the  numerical  oalcnlation  of  the  proper  arrange- 
ment. 


To  find  the  variation  of  position  of  the  focus  of  light  passed 
through  a  prism  as  dependent  on  the  nature  of  the  light. 

Let  /A  be  the  index  of  refraction  of  the  prism,  a  its  angle,  ^,  and 
^  the  angles  of  incidence  and  emergence,  9,  and  d,  the  angles  of 
the  ray  within  the  prism  with  the  normals  to  the  first  and  second 
surfaces,  8  the  difference  of  these  angles — then  by  geometry 

tf,  +  fl,  =       a  ^1  -  ^i  =        fi 

and  by  the  law  of  refraction, 

sin  ^,  =  fi  sin  9,  sin  ^2~f-  ^'^  ^a 

ift,  is  constant,  being  the  angle  of  incidence  for  all  kinds  of  light, 
hut  the  other  angles  vary  with  ft,  so  that 

d$,  _  _    sing,         de,  ^    sin  $,        d^, ^sin  o 

d/x  fi  cos  0,         dfi      /I  COB  9j         dii.       cos  0,  cos  ^ 

The  last  expression  gives  the  dispersion,  or  breadth  of  the 
spectrum,  and  shows  that  it  increases  as  the  base  of  the  prism  is 
turned  from  the  light. 

As  the  slit  is  parallel  to  the  edge  of  the  prism,  we  have  only  to 
consider  the  primary  foci  of  the  pencils  when  we  wish  to  render  the 
image  distinct. 
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Let  V,  be  the  distaoce  of  the  focna  ot  incident  light  from  tho 
priem,  v,  that  of  the  emergeot  Ught,  and  u  that  withio  the  priam, 
all  meaniied  to  the  right,  then  by  the  ordinary  formula, 

coe'^  "/tcos*^,  /ioos'tf,  ™  cob'^ 

«,  cob'  tf,  cob'  ^  =  V,  COB*  $,  COB*  ^   , 

Taking  the  differential  coeffioient  of  the  logorithme  of  these  quan- 
tities, 

i  *!l  _  2  Bin  9,  dB,  _  2BiD^  d^      J_  Aj^      2  ain  g.  M, 
*,  dfi.         COB  tf,    d/x    ~    COB  ^,    I'/i    "  Vj  dn    ~    COB  tf,    lift 

~  ^  _   L  *'"'  _  2  »'"  Pz  BJPg      2^8in'  tf,      2  Bin  g,  ain  g, 
V,   ^      «,  "^  ■  COB  tf,  eos'  P,  ~  fi  cofl'  fl,  "  /t  coTtf,  coa  fl, 

Sabatitnting  for  these  angles  their  values  in  tenns  of  a  and  8  we 
find— 

1_^^  1  ^ 
V,  dji  "  V,    dfi 

_        *  ain  tt  Qt'  -  l)sin  a  -  sin  J  (1  +  f^'  coa  a~S) 

_   (cob a  +  coa 8)*  '  ,      1    ,/,  ,        <.,\ 

The  qnantit;  on  the  right  of  this  equation  is  always  poaitive, 
nnleaa  the  value  of  8  exceeds  that  given  by  the  equation 
Oi'  ~  I)  sin  «  =  ain  8  (l  +  p*  coa  (a  -  8)) 

If  /I  =  1-5  and  a  .  60°,  then  8  =  22'  52*,  that  ia,  the  ray  within 
the  prism  makes  an  angle  of  11°  26'  with  the  base,  which  corre- 
aponds  to  an  angle  of  incidence  62°  50',  or  the  incident  lay  is  in- 
clined 7°  10'  to  the  face  of  the  prism. 

If  two  lenaes  are  used,  of  the  aame  material  with  the  prism,  we 
may  correct  the  defects  of  the  priam  without  turning  it  ao  far  from 
ita  poaition  of  least  deviation. 

Let  a  be  the  distance  of  the  slit  from  the  prism,  and  6  that  of 
the  screen  from  the  prism.  Let  /,  be  the  focal  length  of  the  lens 
between  the  prism  and  slit,  and  /,  that  of  the  lens  between  the 
prism  and  the  screen,  then  the  condition  of  a  flat  image  is 

v^  f.  d^  ~  f^-\\jx^ fj 

TOb.  TI.  2  I 
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Let  us  first  find  the  cooditioDB  of  a  flat  epectrum  S  =  o. 
When  2  B  o,  11^  B  v„  and  we  obtain  the  conditions 

«    /      /l      '     V"      M  40.-l)'0<  +  l)»ill"a         "V     '/ 

from  whicli  /,  and  /,  may  be  found  in  terms  of  known  quantitiee. 

When  «,  the  angle  of  the  prism,  is  60°,  then 

3  («-;■■) 
16(^-l)"0x+I) 

If  we  now  malte  ^=15  we  find  c= '5025,  and 

1        4975      -5025 


1       1-5025      '5025 

If  a  =  nT  ^,  the  first  lens  may  be  diapensed  with,  and  the  second 
lens  vill  correct  the  defects  of  the  prism. 

If  a  is  greater  in  proportion  to  b,  a  concave  lens  must  be  placed 
in  front  of  the  priem.  The  most  convenient  arrangement  will  he 
that  in  which  the  prism  is  placed  in  the  position  of  least  deviation, 
and  the  lens  placed  between  the  prism  and  the  screen,  while  the 
distance  from  the  slit  to  the  prism  is  to  that  between  the  prism 
and  the  scteeu  as  1-cis  to  c.  For  quartz,  in  which  ii=-V5%^ 
for  the  ordinary  ray,-  ~  =  253,  so  that  the  best  arrangement  is 
a=l'53  £,  or  the  lens  should  be  placed  on  the  side  next  the  screen, 
and  the  distance  from  the  slit  which  admits  the  light  to  the  prism 
should  be  about  one  and  a  half  times  the  distance  from  the  prism 
to  the  screen. 

The  following  Gentlemen  were  admitted  Fellows  of  the 
Society: — 
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Monday,  20;A  January  1868. 

Professor  KELLAND,  Vice-President  id  the  Chair. 

The  following  CommutiicatioDa  were  read : — 

1.  Pyramidal  Stnicturea  in  Egypt  and  elsewhere  ;  and  the 
Objects  of  their  Erection.     By  Sir  J.  Y.  Simpson,  Bart. 

After  considering  the  many  proposed  deriTationa  of  the  word 
Pyramid,  it  vas  pointed  out  that  the  origio  of  the  name  snggested 
by  the  distingiiiBhed  Egyptologist,  Ur  Birch,  from  two  Coptic 
words,  "pouTO,"  "the  king,"  and  "emdhaa"  or  "moAa,"  "tomb," 
— the  two  in  combination  eignifjing  "  the  king's  tomb," — was  pro- 
bably conoct.  "Men,"  in  Coptic, signifies  "monnment,"  "memo- 
rial;" and  " pouTO-men,"  or  "king's  monnment  "  may  possibly  also 
he  the  original  form  of  the  word.  Yarions  authors,  as  Pope,  Pow- 
nall,  Daniel  Wilson,  Burton,  had  long  applied  the  term  pyra- 
mid to  the  larger  forms  of  conical  and  round  sepulchral  mounds, 
cairns,  or  barrows — such  as  are  found  iu  Ireland,  Brittany, 
Orkney,  &c.,  and  in  numerous  districts  of  the  New  World  as  well 
as  the  Old ;  and  which  are  all  characterised  by  containing  in  their 
interior,  chambers  or  cells,  constructed  usually  of  large  stones,  and 
with  megalithic  galleries  leading  into  them.  In  these  chambers 
(small  in  relation  to  the  hills  of  stone  or  earth  in  which  they 
were  imbedded)  were  fonnd  the  remains  of  sepulture,  with  stone 
weapons,  ornaments,  &c.  The  galleries  and  chambers  were  roofed, 
sometimes  with  flags  laid  quite  flat,  or  placed  abutting  against  each 
other;  and  occasionally  with  large  stones  arranged  over  the 
internal  cells  in  the  form  of  a  horizontal  arch  or  dome.  In  his 
travels  to  Madeira  and  the  Mediterranean  (1640),  Sir  W.  Wilde 
details  in  interesting  terms  his  visit  to  the  pyramids  of  Egypt; 
and  in  describing  the  roof  of  the  interior  chambers  of  one  of  the 
pyramids  at  Sakkara,*  he  remarks  on  the  analogy  of  its  constmc- 

*  Sii  J.  aardnsT  WiUdnjoa  tbinki  that  the  pframid*  of  Sakkua  are  pro- 
bably older  than  the  other  groups  of  these  ttnciaiet.  a»  those  of  Qiiab  or  the 
Oreat  Pyramid. — SeeRawliatoii'i  Rtrvdolvt,  toL  11.  chapter  riii. 
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tioD  to  the  great  barrow  of  Dowth  in  Ireland ;  and  again,  when 
writing— in  his  work  on  the  Beauties  of  the  Boyne  (1849) — an 
account  of  the  great  old  bariowe  of  Dowth,  New  Grange,  &c., 
placed  on  its  banks  above  Drogheda,  be  describes  at  some  length 
the  last  of  these  mounds  (New  Grange),  atating  that  it  "  conflists  " 
of  an  enormous  cairn  or  "  bill  of  small  Btones,  calculated  at 
180,000  tons  weight,  occupying  tbe  summit  of  one  of  the  natural 
undulating  slopes  which  enclose  the  valley  of  tbe  Boyne  upon  tbe 
north.  It  is  said  to  cover  nearly  two  acres,  and  is  400  paces  in 
oircum  fere  nee,  and  now  about  80  feet  higher  than  tbe  adjoining 
natural  surface.  Various  excavations  (he  adds)  made  into  its  sides 
and  upon  its  summit,  at  difieretit  times,  in  order  to  supply  materials 
for  building  and  road-making,  have  assisted  to  lessen  its  original 
height,  and  also  to  destroy  the  beauty  of  its  outline."  Like  the 
other  analogous  mounds  and  pyramids  placed  there  and  elsewhere, 
New  Grange  has  a  long  megalitbio  gallery,  of  above  60  feet  in 
length,  leading  inward  into  three  dome-shaped  chambers  or  crypts. 
After  describing  minutely,  and  with  a  master-hand,  tbe  construc- 
tion of  these  interior  parts,  and  the  carvings  of  circles,  spirals,  &c., 
upon  the  enormous  stones  of  which  they  are  built,  Sir  William 
Wilde  goes  on  to  observe : — "  We  believe  with  most  modem 
investigators  into  such  subjects,  that  it  was  a  tomb,  or  great 
sepulchral  Pyramid,  similar  in  every  respect  to  those  now  standing 
by  the  banks  of  tbe  Nile,  from  Dashour  to  Gizeh,  each  consisting 
of  a  great  central  chamber  containing  one  or  more  sarcophagi, 
entered  by  a  long  stone-covered  passage.  Tbe  external  aperture 
was  concealed,  and  the  whole  covered  with  a  great  mound  of 
stones  or  earth  in  a  conical  form.  The  early  Egyptians,  and  the 
Mexicans  also,  possessing  greater  art  and  better  tools  than  the 
primitive  Irish,  oaived,  smoothed,  and  cement«d  their  great 
pyramids;  but  the  tt/pe  and  purpose  is  all  the  same.  .  .  .  How 
far  anterior  to  tbe  Christian  era  its  date  should  he  placed,  would 
be  a  matter  of  speculation ;  it  may  he  of  an  age  coeval,  or  eveii 
anterior,  to  its  brethren  on  tbe  Nile."  Other  pyramidal  harrows  at 
Uaesbowe,  Oavr  Inis,  &o.,  were  referred  to  and  illustrated;  showing 
that  a  gigantic  sepulchral  cairn  was  in  its  mass  an  unbuilt  pyramid, 
or,  in  other  words,  that  a  pyramid  was  a  built  cairn. 
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Sepulchral  Character,  d:c.,  o/the  Egyptian  Pyramids, 
All  authors,  from  the  father  of  history  downwards,  have  gene- 
Tally'ogreed  in  conHideriiig  the  pyramids  of  Egypt  as  magnificent 
and  regal  sepulchres ;  and  the  sarcophagi,  &o.,  of  the  dead  have 
been  fonnd  in  them  when  first  opened  for  the  purjjosea  of  plunder 
or  curiosity.  The  pyramidal  sepulchral  mounda  on  the  banks  of 
the  Boyne  were  opened  and  rifled  in  the  ninth  century  by  the  in- 
vading Dane,  as  told  in  difi'erent  old  Irish  annals;  and  the  Great 
Pyramid  of  Oizeh,  Ac,  is  said  to  have  been  broken  into  and 
harried  in  the  same  centnry  by  the  Arabian  Caliph,  El  Mamoon. 
This,  the  largest  and  most  gigantic  of  the  many  pyramids  of 
Egypt,  had  been  calculated  by  Major  Forlong,  Asso.  Inst.  C.  Engrs., 
as  a  structure  which  in  the  East  would  cost  about  L. 1,000,000. 
Over  India  and  the  East  generally,  enormous  sums  had  often  been 
expended  on  royal  sepulchres.  The  Taj  Mahal  of  Agra,  built  by 
the  Emperor  Shah  Jahan  for  his  favourite  queen,  cost  perhaps 
double  or  triple  this  money ;  and  yet  it  formed  only  a  portion  of  an 
intended  larger  mausoleum  which  be  expected  to  rear  for  himself. 
The  Great  Pyramid  contains  in  its  interior,  and  directly  over  the 
King's  Chamber,  five  eDtresols  or  "  chambers  of  construction." 
as  they  have  been  termed,  intended  apparently  to  take  off  the 
enorm<tua  weight  of  masonry  from  the  cross  stones  forming  the 
roof  of  the  King's  Chamber  itself.  These  entresols  are  chambers, 
small  and  unpolished,  and  never  intended  to  be  opened.  But 
in  the  uppermost  of  them,  opened  by  Colonel  Howard  Vyse,  a  most 
interesting  discovery  was  made  about  thirty  years  ago.  The  sur- 
faces of  some  of  the  stones  were  found  painted  over  in  red  ochre 
or  paint  with  mdieh  hieroglyphics— being  quarry  marks  written 
on  the  stones  4OO0  years  ago,  and  hence,  perhaps,  forming  the 
oldest  preserved  writing  in  the  world.  Among  these  accidental 
hieroglyphics  Mr  Birch  discovered  two  royal  ovals,  viz.,  Shufu  (the 
Cheops  of  Herodotus)  and  Nu  Shufu — "a  brother"  (writes  Professor 
Smyth)  "of  Shnfa,  also  a  king  and  a  co-regent  with  him."  Uost, 
if  not  all,  of  the  other  pyramids  are  believed  to  have  been  erected 
by  individual  kings  during  their  individual  or  separate  retgns. 
If  these  hieroglyphics  proved  that  two  kings  were  connected  with 
the  building  of  the  Qreat  Pyramid,  that  circumstance  would  perhaps 
account  for  its  size  and  the  duplicity  and  position  of  its  sepulchral 
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chambers.*  The  Great  Pyramid  is  now  totally  deprived  of  the 
external  polished  limestone  coating  which  covered  it  at  the  time 
of  HerodotuB'  visit,  some  twenty-two  centuries  ago;  and  "now 
(writes  Mr  Smyth)  is  so  injured  as  to  be  in  the  eyes  of  some 
passing  travellers  little  better  than  a  heap  of  stones. "  But  all 
the  internal  built  core  of  the  magnificent  stnictuie  remains,  and 
contains  in  its  interior  (beside  a  rock  chamber  below)  two  higher 
built  chambers  or  crypts  above — the  so-called  King's  Chamber  and 
Queen's  Chamber — with  galleries  and  apartments  leading  to  them. 
The  walls  of  these  galleries  and  upper  chambers  are  built  with 
granite  and  limestone  masonry  of  a  bigbly-finisbed  character.  The 
pyramid  standing  nest  the  Great  Pyramid,  and  nearly  of  equal  size, 
is  said  by  Herodotus  to  have  been  raised  by  the  brother  of  Cbeops. 
The  other  pyramids  at  Qizeh  are  usually  regarded  as  later  in 
date.  But  the  exact  era  of  the  reign  or  reigns  of  tbeir  builders  has 
not  as  yet  been  determined,  in  consequence  of  the  break  made  in 
Egyptian  chronology  by  the  invasion  of  the  Shepherd  Kings. 

In  their  mode  of  building,  the  pyramids  of  Oizeh,  &c.,  are  all 
similar.  "  There  is  nothing"  (observes  Professor  Smyth)  "  in  the 
stone-upon- stone  composition  of.  the  Great  Pyramid  which  speaks 
of  the  mere  building  problem  to  be  solved  there,  as  being  of  a 
different  character  or  requiring  inventions  by  man  of  any  absolutely 
higher  order,  than  elsewhere."  But  the  Great  Pyramid  has  been 
imagined  to  contain  some  hidden  symbols  and  meanings.  For  "  it 
is  the  manner  of  the  Pyramid"  (according  to  Professor  Smyth) 
"  not  to  wear  its  most  vital  truths  in  prominent  outside  positions." 

Alleged  Metrohgical  Object  of  the  Oreai  Pyramid. 
By  several  authorities  the  lorgestf  of  the  group  of  pyramids 

*  Hr  Birch,  hovever — and  it  is  {mposBible  to  cite  a  higher  authority  in  aach 
a  quMtion— boldfl  the  cattonchea  of  ShuFn  and  Na  Shufu  to  refer  onl;  to  ooe 
peraooage — namely,  the  Cheope  of  Herodotus ;  and,  believing  vith  Mr  Wilde 
and  Frofeasor  Lepeiai,  that  the  pTrnmids  vere  aa  royal  Bepulchres  bailt  and 
methodically  extended  and  enlarged  as  Uie  reigae  of  their  intended  occnpaDti 
lengthened  out,  he  ascribes  the  UBU»aiil  sizd  of  the  Great  Pynmid  to  the 
nnnsuol  length — aa  testified  by  Manetho,  &c. — of  the  reign  of  Cheops;  the 
erection  of  a  sepulchral  chamber  in  ita  built  portion  being,  perhape,  in  oonae- 
qnence  of  some  ascertained  deficieocj  in  tbo  rock  chamber  or  gallery  below. 

t  Tlie  Mexican  Pyramid  of  Cholnla  baa  a  base  of  more  than  1420  feet,  and 
is  hence  ahont  twice  the  length  of  tbe  basis  of  the  Great  Pyramid  of  Qiteb. 
See  PrtMcoll'a  Coaquttt  of  Mriito,  book  iii.  chap,  i.,  aad  book  v.  chap.  fv. 
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at  Qizeb,  the  "tireat  Pyramid,"  aa  it  is  often  tenned,  has  been 
maiotaiQed — aod  paiticularly  of  late  by  Gabb,  JomaTd,  Taylor,  and 
FTofesHor  Smyth — not  to  be  a  royal  mausoleum,  but  to  be  a 
marrellouB  metrological  monument,  built  Eome  forty  centuries  ago, 
as  "  a  necessarily  material  centre,"  to  hold  and  contain  within  it, 
and  in  its  structure,  material  standards,  "  in  a  practicable  and 
reliable  shape,"  "  down  to  the  ends  of  the  world,"  as  measures  of 
length,  capacity,  weight,  &c.,  for  men  and  nations  for  all  time— 
"  a  monument"  (in  the  langnt^  of  Professor  Smyth)  "  devoted  to 
weights  and  measures,  not  so  much  as  a  place  of  frequent  reference 
for  them,  but  one  where  the  original  standarde  were  to  be  preserved 
for  some  thousands  of  years,  safe  from  the  vicissitudes  of  empires 
and  the  decay  of  nations."  Messrs  Taylor  and  Smyth  further  hold 
that  this  Great  Pyramid  was  huilt  for  these  purposes  of  mensura- 
tion, under  Divine  inspiration — the  standards  being,  through  super- 
human origination  and  guidance,  made  and  protected  by  it  till  they 
came  to  be  understood  and  interpreted  in  these  latter  times.  For, 
observes  Professor  Smyth,  "  the  Great  Pyramid  was  a  sealed  book 
to  all  the  world  unftZ  this  present  day,  when  modern  science,  aided 
in  part  by  the  dilapidation  of  the  building  and  the  stniclurol 
features  thereby  opened  up — has  at  length  been  able  to  assign  the 
chief  interpretations."  Professor  Smyth  has,  in  his  remarkable 
devotedness  and  enthusiasm,  lately  measured  most  of  the  principal 
points  in  the  G-reat  Pyramid ;  and  for  the  great  zeal,  labour,  and 
ability  which  he  has  displayed  in  this  self-imposed  mission,  the 
Society  have  very  properly  and  justly  bestowed  upon  him  the 
Keith  Medal.  But  the  exactitude  of  the  measures  does  not  neces- 
sarily imply  exactitude  in  the  reasoning  upon  them ;  and  on  what 
grounds  can  it  be  possibly  regarded  as  a  metrological  monument  and 
not  a  sepulchre,  is  legitimately  the  subject  of  our  present  inquiry. 
Mr  Taylor  ascribes  lo  Noah  the  original  idea  of  the  metrological 
structure  of  the  Great  Pyramid.  "  To  Noah "  (observes  Mr 
Taylor)  "we  must  ascribe  the  original  idea,  the  presiding  mind, 
and  the  benevolent  purpose.  He  who  built  the  Ark  was,  of  all  men, 
the  most  competent  to  direct  the  building  of  the  Great  Pyramid. 
He  was  bom  600  years  before  the  Flood,  and  lived  350  years  after 
that  event,  dying  in  the  year  1998  b.o.  Supposing  the  pyramids 
were  commenced  in  2160  b.o.  (that  is  4000  years  ago),  thej/  wore 
founded  168  years  before  the  death  of  Noah.    We  are  told  "(Mr 
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Taylor  coQtinaee)  "  tbat  Xoah  was  a  '  preacher  of  righteousnesB,' 
but  nothing  could  more  illuBtrate  this  character  of  a  preacher  of 
righteoaeneBs  after  the  Flood  than  that  he  should  be  the  first  to 
ptibUah  a  Bystem  of  weights  and  measures  for  the  use  of  all  man- 
kind, baeed  upon  the  measure  of  the  earth."  Professor  Smyth, 
computing  fay  another  chronology,  r^'ects  the  preseiice  of  Noah, 
and  males  a  shepherd — PhUithion,  alluded  to  by  Herodotus* — the 
presiding  and  directing  genius  of  the  structure,  holding  him  to  be 
a  Cushite  skilled  in  building,  and  under  whose  inspired  direction 
the  pyramid  rose,  containing  within  it  miroculoos  measnies  and 
standards  of  capacity,  weight,  length,  heat,  &a. 

The  Goefkr  in  the  EoNa's  Chahbeb  in  the  Obeat  Ftsamid  ah 
Alleged  Standabd  eob  Hkabdbes  ot  Cafaoit7. 

A  granite  coffer,  slone  box,  or  sarcopbagos  standing  in  that 
inferior  cell  of  the  pyramid  called  the  King's  Chamber,  is  held 
by  Messrs  Taylor  and  Smyth  to  have  been  hewn  out  and  placed 
there  as  a  measure  of  capacity  for  the  world,  so  tbat  the  ancient 
Hebrew,  Qrecian,  and  Roman  measures  of  capacity  on  the  one 
hand,  and  our  modern  Anglo-Saxon  on  the  other,  are  all  derived 
directly  or  indirectly  from  the  parent  mesenrements  of  this  granite 
vessel. 

Variona  extracts  f  were  read  from  the  works  of  these  autbore,  show- 
ing tbat,  in  their  belief,  the  great  object  for  which  the  whole  pyra- 
mid was  created,  was  the  preservation  of  this  coffer  as  a  standard 
of  measures.  Further  published  accounts  from  Kr  Taylor  and 
from  Mr  Smyth's  first  work  were  adduced,  averring  that  the  coffer 
represented  without  and  within  a  rectangular  figure  of  mathemati- 

*  Herodotus  statei  thst  the  Egjptiiuia  detesl«d  the  memories  of  the  kings 
who  built  the  two  larger  Fyrsmiila,  r\}..,  CheopB  and  Cephreo  :  and  hence,  ha 
adds.  "  the;  commonlj  call  the  Pjraraida  after  FbilithioD,  n  shepherd,  who  at 
that  timo  fed  hie  flocks  abont  the  place."  They  thtu  called  the  second,  as 
well  as  the  Great  Pyiamid,  afl«r  him  (iii.  I  12S}. 

t  Tbe  eitracta  wiibin  Inverted  commas,  here  and  In  other  parte,  arc  from — 
(1.)  Mr  John  Taylor's  work  enlitled  •'  The  Great  Pyramid— Why  was  it  Bollt, 
and  Who  Bailt  It?"  Lonilon,  1859;  and  (2.)  Professor  Sinylh'a  work,  "Oar 
Inheritance  In  the  Great  Pyramid,"  Edinburgh,  1864  ;  (3.)  hU  Uter  three- 
■olama  work,  '■  Llfs  and  Work  at  the  Great  Pyramid,''  Edinburgh,  1867;  and 
(*,)  "  Recent  Measures  at  the  Great  Pyramid  "  io  the  Transactioni  of  th« 
Boyal  Society  of  Kdinburgh  for  1886-66. 


n,gi„-co3yGoOglc 


o/Edhtburgh,  Seeeion  1867-68.  249 

eal  fonn  and  "  exqaiBite  geometric  trath,"  perfect!;  level  on  its 
rarface,  and  highly  poliehed.  "  The  jcbest  or  coffer  in  the  Great 
Pyramid"  (writes  Ur  Taylor  in  1869,)  "  ia  so  shaped  aa  to  be  in 
erery  part  rectangular  from  side  to  aide,  and  from  end  to  end,  and 
the  bottom  is  also  cat  at  right  angles  to  the  sides  and  end,  and  made 
perfectly  level."  "  The  coffer,"  said  Professor  Smyth  in  1864, 
"  exhibits  to  us  a  standard  measure  of  40O0  years  ago,  with  the 
tenacity  and  hardness  of  its  anbetatice  tmimpaired,  and  the  poliah 
and  evenness  of  its  suiface  untouched  by  nature  through  all  that 
length  of  time," 

But  later  inquiries  and  observations  upset  entirely  all  these 
notions  and  strong  averments  in  regard  to  the  coffer.    For — 

(1 .)  Tlie  Coffer,  though  an  alleged  adwil  itandard  of  capacky-mea- 
tare,  hat  yet  been/ound  diffieuU  or  impomble  to  meawure. — In  his  first 
work,  "  Our  Inheritance  in  the  Great  Pyramid,"  Profeaeur  Smyth 
had  cited  the  measurements  of  it,  made  and  published  by  twenty- 
five  different  observers,  several  of  whom  had  gone  about  the  matter 
with  great  mathematical  accuracy.  Though  imagined  to  be  a  great 
standard  of  measure,  yet  all  these  twenty-five,  aa  Professor  Smyth 
owned,  varied  from  each  other  in  their  acoonnte  of  this  imaginary 
standard  in  "  every  element  of  length,  breadth,  and  depth,  both 
inside  and  outside."  Professor  Smyth  has  latterly  measured  it 
himself,  and  this  twenty-sixth  measurement  varies  again  from  all 
the  preceding  twenty-five.  Sorely  a  measure  of  capacity  should 
be  measurable ;  that  ought  to  be  its  most  unquestionable  quality ; 
bat  this  imagined  standard  baa  proved  virtually  unmeasniable — in 
BO  far  at  least  that  ita  twenty-aix  different  and  skilled  measuren 
bU  differ  from  each  other  in  respect  to  its  dimensions.  Still,  says 
Professor  Smyth,  "  this  affair  of  the  coffer's  precise  siae  ie  tht 
qaeotion  of  questions." 

(2.)  Diieordanoe  (efweon  it*  actval  and  it*  titeoretieal  measwre. — 
Profeseor  Smyth  holds  that  tJteor^caily  its  capacity  ought  to  bo 
71,250  "  pyramidal "  cubic  inches,  for  that  cubic  size  would  make 
it  the  exact  maasnie  for  a  chaldron,  or  practically  the  vessel  wonld 
then  contain  exactly  four  qaarters  of  wheat,  Ac.  Yet  Professor 
Smyth  himself  found  it  some  60  cubic  inches  lees  than  this; 
while  also  the  measurements  of  Professor  Qreaves,  one  of  the  moat 
aoourato  maasnien  of  all,  make  it  360  onbic  inchea,  and  thoaa  of 
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Dr  Whitman  14,000  heltno  this  ptofessed  Btaodaid.  On  the  other 
hand,  the  meaau  re  meats  of.  Colonel  Howard  YjBe  m&ke  it  more 
than  100,  those  of  Dr  Wilson  more  than  500,  and  those  of  the  French 
academicians  who  accompanied  the  Kapoleooic  expedition  to  Egypt-, 
ahout  6000  cubic  inches  above  the  theoretical  siae  which  Professor 
Smyth  has  latterly  fixed  on. 

(S.)  Its  theareticai  tMOiore  varied. — The  actual  meoBme  of  the 
coffer  has  varied  in  the  hands  of  all  its  twenty-siz.  measuTers.  Bot 
even  its  theoretical  measure  is  varied  also,  for  the  size  which  the 
old  coffer  really  ought  to  have  as  "  a  grand  capacity  standard,"  is 
strangely  enough  not  a  detennined  quantity.  In  his  last  work 
(1867),  Profesflor  Smyth  declares,  as  just  stated  ,it8  proper  theo- 
retical cubic  capacity  to  be  71,250  pyramidal  cubic  inches.  But  in 
his  first  work  (1864),  he  declared  something  different,  for  "  we 
elect,"  says  he,  "  to  take  70,970-2  English  cubic  inches  (or  70,900 
pyramidal  cubic  inches)  as  the  tme,  because  the  theoretically 
proved  contents  of  the  porphyry  coffer,  and  therefore  accept  these 
numbers  as  giving  the  cnbic  size  of  the  grand  itandard  measure 
of  capacity  in  the  Great  Pyramid."  But  again,  Mr  John  Taylor, 
who,  previously  to  Profeasoi  Smyth,  was  the  great  advocate  cf  the 
coffer  heiug  a  marvellous  standard  of  capacity  measure  for  all 
nations,  ancieut  and  modem,  declares  its  measure  to  he  neither 
the  above  quantities,  but  71,328  cubic  inches,  or  a  cube  of  the 
ancient  cubit  of  Earnak.*  A  vessel  cannot  be  a  measure  of  capacity 
whose  own  standard  theoretical  size  is  thus  deolared  to  vary  some- 
what every  few  years  by  those  very  men  who  maintain  that  it  is 
a  standard.  But  whether  its  capacity  is  71,250,  or  70,970,  or 
71,328,  it  is  quite  equally  held  up  by  Messrs  Taylor  <uid  Smyth 
that  the  Sacred  Laver  of  the  Irnelites,  and  the  Molten  Sea  of  the 
Scriptures,  "  also  conform  and  correspond  to  its  (yet  undetermined) 
standard  with  all  conceivable  practical  esactnesa;"  though  the 
standard  of  capacity  to  which  they  thus  "  conform  and  correspond  " 
is  itself  a  size  or  standard  which  has  not  been  yet  fixed  with  any 
«xaotnea0.    Professor  Smytii,  in  speaking  of  the  oaloulationB  and 

•  "  IIb  DODtente,"  sajrs  Mr  Tajlor  (p.  299),  "  ue  equal  io  cubic  inehes  to 
the  cube  of  41,472  iocbes — tbeoabit  of  EamELk—viz.,  to  71,828  cubic  iackeB." 
EUewhera  (p.  804)  be  statoe — "  The  Pftamii  coffer  contain!  2fi6  gftUona  ot 
wbcat  r— "  It  sIk  coat&inB  266  galloQs  of  water,  Ac." 
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theoretical  dimenBionB  of  this  cofiai— as  published  by  Ur  Jopling, 
a  believer  in  ite  wonderful  Btandard  character— critically  obeerTeB, 
"  Some  very  astonishing  leeolte  were  brought  out  in  the  plajF  of 
arithmetical  numerations." 

(4.)  The  dtlapidation  of  the  Cojir. — Thirt;  years  ago  this  stone 
cofTer  was  pointed  out  and  indeed  delineated  by  Ur  Ferring 
as  "  not  particularly  well  polished,"  and  "  chipped  and  broken 
at  the  edges."  Professor  Smyth,  in  hie  late  travels  to  Egypt, 
states  that  he  found  every  possible  line  and  edge  of  it  chipped 
away  with  large  chips  along  the  top,  both  inside  and  outaidei 
"  chip  apon  chip,  wofully  spoiling  the  original  figure ;  along 
all  the  cornets  of  the  upright  sides  too,  and  even  along  every 
corner  of  the  bottom,  while  the  upper  south-eastern  comer  of  the 
whole  veasei  is  positively  broken  away  to  a  depth  and  breadth  of 
nearly  a  third  of  the  whole."  Tet  this  stone  vessel  is  professed  to 
he  the  permanent  miraculous  standard  of  capacity  measure  for  the 
world,  and  that  it  might  serve  this  purpose  it  would  be,  according 
to  Ur  Taylor,  "  formed  of  one  block  of  the  hardest  kind  of  material, 
Buoh  as  porphyry  or  granite,  in  order  that  it  might  not  fall  into  de- 
cay ; "  for  "  in  this  porphyry  coffer  we  have  (writes  Professor  Smyth 
in  1864)  the  Tery  closing  end  and  aim  of  the  whole  pyramid." 

(5.)  Alleged  mathematical  form  of  the  Coffer  CTToneou*.— But  in 
regard  to  the  coffer  as  an  exquisite  and  marvellous  standard  of 
capacity  to  be  revealed  in  these  latter  times,  worse  facts  than  these 
are  divulged  by  the  tables,  &o.,  of  measurements  which  Professor 
Smyth  has  recently  published  of  this  stone  vessel  or  chest.  His 
pablished  measurements  show  that  it  is  not  at  all  a  vessel,  as  was 
averred  a  few  years  ago,  of  pure  mathematical  form  ;  for  externally 
it  is  in  length  an  inch  greater  on  one  side  than  another;  in  breadth, 
half-an-inoh  broader  at  one  point  than  at  some  other  point;  its 
fiottom  at  eome  points  is  nearly  a  whole  inch  thicker  than  it  is  at 
some  other  parts ;  and  in  thickness  its  sides  vary  in  some  points 
about  a  quarter  of  an  inch  near  the  top.  "  But,"  Professor  Smyth 
adds,  "  if  oalipered  lower  down,  it  is  extremely  probable  that  a 
notably  different  thickness  wonld  have  been  fonnd  there,"  though  it 
does  not  appear  why  they  were  not  thus  calipered.  Further,  ex- 
ternally "  all  the  sides"  (says  ProfoBSor  Smyth)  "  were  slightly 
hollow,  excepting  the  east  side ; "  and  the  "  two  external  ends  " 
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also ebow Bome  "concBTity"  inform.  " The vorkmanship"  (he 
elsewhere  desoribee)  "  of  tbe  iDside  is  in  advance  of  the  ontoide,  but 
yet  not  perfect."  For  internally  there  is  a  conveigence  at  the 
bottom  towards  the  centre;  both  in  length  and  in  breadth  the 
interior  differs  about  balf-an-incb  at  one  point  from  another  point ; 
the  "extreme  paiute  (also)  of  the  comers  of  the  bottom  not  being 
perfectly  worked  out  to  the  intetEection  of  the  general  planes  of  tbe 
entire  sides;"  and  thus  its  cavity  seems  really  of  a  form  utterly 
UQmeasnrable  in  a  correct  way  by  mere  lineal  measurement — the 
only  measure  yet  attempted.  If  it  were  an  object  of  the  slightest 
moment,  perhaps  liquid  measurements  would  be  more  Bucceesful. 

(6.)  Oqffer  cut  toith  ledga  and  eatch-holet  for  a  lid,  like  other 
$arcophagi. — More  damaging  details  still  remain  in  relation  to  thti 
coffer  as  "  a  grand  standard  measure  of  capacity,"  and  proving 
that  its  object  or  function  was  very  different.  In  his  first  work 
Piof.  Smyth  describes  tbe  coffer  as  showing  no  "  symptoms  "  what- 
ever of  grooves  or  oatcbpins  or  other  fasteuings  for  a  lid.  "  Uore 
modern  accounts,"  he  re-observes,  "have  been  farther  precise  in  de- 
scribing tbe  smooth  and  geometrical  finish  of  tbe  upper  part  of  the 
coffer's  sides,  without  any  of  those  grooves,  dovetuls,  or  steady-pin- 
holes  which  have  been  found  elsewhere  in  tme  polished  sarcophagi, 
where  the  firm  fastening  of  tbe  lid  is  one  of  the  most  essential 
features  of  tbe  whole  bnsiuesa."  Mr  Ferring,  however,  delineated 
the  catcfapin- holes  for  a  lid  in  the  coffer  thirty  yeaiB  ago.*  On  bis 
late  visit  to  it  Prof.  Smyth  found  its  western  side  lowered  down  in 
its  whole  extent  to  nearly  an  inch  and  three -quarters  (or  more  ex- 
actly,  1*72  inch),  and  ledges  cut  oat  around  the  interiorof  the  other 
sides  at  the  same  height.  Should  we  measure  on  this  western  side 
from  this  actual  ledge  brim,  or  from  the  imaginary  higher  brim  ? 
If  reckoned  as  the  tme  brim,  "  this  ledge  "  (aocoiding  to  Professor 
Smyth)  would  "  take  away  near  4000  inches  from  the  onbic  capa- 
city of  tbe  vessel."  besides,  be  found  three  holes  cut  on  the  top 
of  the  coffer's  lowered  western  side,  as  in  all  tbe  other  Egyptian 

*  See  Plate  III.  fig.  1,  in  his  great  folio  work  on  the  "  Pyramida  of  Oiieli 
from  Aetaal  Burre;  and  Admeunreiaeiit,"  Lond.  18S9,  "  The  HBTcophagOB 
ie,"  he  remarki,  "of  gTBDite,  not  porticnlai];  well  polished;  at  present  it  i* 
chipped  and  broken  at  tbe  edget.  There  are  &ot  an;  remaiua  i^  the  lid, 
aKieh  wai,  hoKavtr,  fitted  on  in  the  eume  matinet  aa  tboae  of  the  other 
pyramids." 
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saroopliagi,  where  they  are  need  with  the  ledge  to  admit  end  lock 
the  lids  of  such  atoDe  cheste  *  Id  other  words,  it  pteseote  the 
UBiial  ledge  end  apper&tiiB  perteiniDg  to  Egyptien  etone  aarcophagi, 
and  served  as  such. 

7.  SaptttehrtU  eorOentt  of  coj^  ioA«n  finl  diicoiwerf.  —  When, 
abont  a  thooaand  years  ago,  the  Caliph  Al  Mamoon  tunnelled 
into  the  interior  of  the  pyramid,  he  detected  by  the  accidental 
falling,  it  ia  aaid,  of  a  granite  portcullis,  the  passage  to  the  King's 
Chamber,  shut  up  from  the  bailding  of  the  pyramid  to  that  time. 
"  Then  "  (to  quote  the  words  of  Prof.  Smyth)  "  the  treagnreH  of  the 
pyramid,  sealed  up  almost  from  the  days  of  Noah,  and  nndese- 
orated  by  mortal  eye  for  3000  years,  lay  full  in  their  grasp  before 
tbem."  The  Arabian  historian  Ibn  Abd  Alhokim  states  that 
on  this  occasion  they  fonnd  in  the  pyramid,  "  towards  the  top,  a 
chamber  [now  the  so-called  King's  Chamber]  with  an  hollow  stone 
[or  coffer]  in  which  there  was  a  statue  like  a  man,  and  within  it  a 
man  upon  whom  was  a  breastplate  of  gold  set  with  jewels ;  upon 
this  breastplate  was  a  aword  of  inestimable  price,  and  at  bis  head  a 
carbuncle  of  the  bigness  of  an  egg,  shining  like  the  light  of  the  day ; 
and  upon  him  were  characters  writ  with  a  pen,  which  no  man  under- 
stood "t — a  description  stating,  down  to  the  so-called  "  statue," 
mnmmy-case,  or  cartonage,  and  the  hieroglyphics  upon  the  cere- 
cloth, the  arrangements  now  well  known  to  belong  to  the  higher 
olaas  of  Egyptian  mummies. 

*  "  The  western  eide,"  otieervef  ProfeB«or  Smjth,  "of  tbe  coffer  is,  throngh 
aliaoet  its  entire  length,  rather  lower  thui  the  other  three,  and  theae  hsTe 
jnoi—  inside,  or  the  remuna  of  giooTM  once  cat  into  tbem,  abDut  an  Inch  or 
two  below  their  rammitB  and  on  a  level  with  the  weatem  edge ;  lii  font,  to 
admit  a  sliding  sarcophagns  cover  or  lid;  and  theie  were  tbe  remains  of  three 
fixing  pin-holes  on  the  weatem  side  for  faitening  such  cover  into  its  place." 
(Vol.  i.  p.  86.) 

t  See  QreBTcc'  Works,  toI.  i.  p.  61.  Colonel  Vyse  adduoei  other  Arabian 
Buthon  who  allnde  to  this  diicoTer;  of  a  bodjr  with  golden  armonr,  ke.,  ftc, 
in  the  sarcophagus  of  the  King's  Chamber.  He  cites  Alkaisi  as  testifjing  that 
"  be  himself  saw  tbe  case  (ths  cartonage  or  mammy-ease)  ttam  which  the 
bod;  had  been  taken,  and  that  it  stood  at  the  door  of  the  King's  Falaoe  at 
Cairo,  in  the  jear  611 "  a^b.  (See  "  The  Pyramids  of  Qezafa,"  vol.  ii.  p.  8B4. 
And  also  to  the  same  effect  Abon  Szalt,  p.  867-)  "It  ma;  be  remarked," 
obaervM  Colonel  Vtbc,  "  that  the  Arabian  anthors  have  givon  the  same 
aeoonnts  of  the  pyramids,  with  little  or  no  variation,  for  above  a  thonsand 
year*  "  (vol.  ii.  p.  828). 
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In  short  (to  quote  the  words  of  Prof.  Smyth),  "  that  nonder 
within  a  wonder  of  the  Great  Pyramid — viz.,  the  porphyry  coffer," 
"this  vessel  of  exquisite  meaniog  "  and  of  "  far-reach iDg  char- 
acteristics," matbematicaUy  formed  nnder  alleged  Divine  inspira- 
tion OS  a  measure  of  capacity  (and,  according  to  M.  Jomard,  of 
length  also)  for  all  men  and  all  nations,  for  all  time,  and 
particularly  for  these  Utter  profane  times,  is,  in  simple  truth, 
nothing  more  and  nothing  less  than^-on  old  and  somewhat  mis- 
shapen stone  GofSn. 

Standabd  cf  Lineab  Uxasdkb  in  ibe  Grkii  Ptramid. 

Tbo  standard  in  the  Great  Pyramid,  according  to  Messrs  Taylor 
and  Smyth,  for  Imear  measurements,  is  the  length  of  the  base  lino 
or  lines  of  the  pyramid.  This,  Professor  Smyth  states,  is  "  the 
function  proper  of  the  pyramid's  base."  It  is  professed  also  that 
in  this  base  line  there  baa  been  found  a  new  mythical  inch — one- 
thousandth  of  an  inch  longer  than  the  British  standard  inch  ;  and 
Professor  Smyth  has  attempted  to  show  that  the  status  of  the 
kingdoms  of  Europe  in  the  general  and  moral  world  may  be  measured 
in  accordance  with  their  present  deviation  or  conformity  to  this 
mythical  pyramidal  standard  in  their  modes  of  national  measure- 
ment. "  For  the  linear  measure  "  (says  Prof.  Smyth),  "  of  tbe'basa 
line  of  this  colossal  monument,  viewed  in  the  light  of  the  philoso- 
phical connection  between  time  and  space,  bos  yielded  a  standard 
meaenre  of  length  which  is  more  admirably  and  learnedly  earth- 
commensurable  than  anything  which  has  ever  yet  entered  into  the 
mind  of  man  to  conceive,  even  up  to  the  last  discovery  in  modem 
metrologicol  science,  whether  in  England,  France,  or  Germany." 

*  The  engineers  and  mathematicians  of  different  countries  have 
repeatedly  measured  a  meridian  arc  of  a  degree  of  sixty  miles  in 
order  to  use  it  as  a  standard  for  linear  divisions.  As  part  of 
their  standard,  they  measure  off  sixty  miles  of  the  irregular  earth- 
surface  of  a  kingdom  with  almost  perfect  mathematical  exactitude. 
Professor  Smyth  holds  that  the  basis  side  of  the  pyramid  has  been 
laid  down  by  Divine  authority  as  such  a  guiding  standard  measure. 

WhMt,  tA<n,  M  ihe  exact  length  of  one  of  its  batit  lines  T  The 
sides  of  the  pyramid  have  been  measured  by  many  different 
measurers.  Linear  standards  have,  aays  Professor  Smyth,  "  been 
already  looked  for  by  many  and  many  an  author  on  the  sides  of 
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the  baee  of  the  Qre&t  Pyramid,  even  before  they  knew  that  the 
termiQal  points  of  those  magnificent  base  lines  had  been  oarefully 
marked  in  the  eolid  rock  of  the  hill  by  the  socket-holes  of  the 
builderB."  But — as  in  the  case  of  the  cnbio  capacity  of  the  coffer 
these  measurers  sadly  disagree  with  each  other  in  their  meaanre- 
roents,  which,  in  fact,  but  vary  from  some  7500  or  8000  inches  to 
9000  and  npwards.  Thus,  for  example,  Strabo  makes  it  under  600 
Grecian  feet,  or  under  7500  English  inches ;  Dr  Shawe  makes  it 
8040  inches;  Shelton  makes  it 818^ inches ;  Greaves,  8316 ;  Davi- 
son, 8952;  Cariglia,  9072;  the  French  academicians,  9163;  Dr 
Perry,  9360,  &c.,  &o. 

At  the  time  at  which  Professor  Smyth  was  living  at  the  pyra- 
mid, Mr  Inglis,  of  Glasgow,  visited  it,  and,  for  correct  measure- 
ment, laid  bare  for  the  first  time  the  four  comer  sockets.  Ifi 
Inglis'  measurements  not  only  differed  from  all  the  other  measure- 
ments of  "one-side"  base  lines  made  before  him,  but  he  makes 
the  four  sides  differ  from  each  other;  one  of  them — namely,  the 
north  side — being  longer  than  the  other  three.  Strangely,  Pro- 
fessor Smyth,  though  in  Egypt  for  the  purpose  of  measuring 
the  different  parts  of  the  pyramid — and  holding  thai  its  base 
line  ought  to  be  our  grand  standard  of  measure,' — and  further 
holding  that  the  base  Hue  oould  only  be  accurately  ascertained  by 
measuring  from  socket  to  socket — never  attempted  that  linear 
measurement  himself  after  the  sockets  were  cleared.  These  four 
eomer  sockets  were  never  exposed  before  in  historic  times ;  and  it 
may  be  very  long  before  an  opportunity  of  seeing  and  using  them 
^ain  shall  ever  he  afforded  to  any  other  measurers. 

Before  the  comer  sockets  were  exposed,  Professor  Smyth  at- 
tempted to  measure  the  bases,  and  made  each  side  of  the  present 
masonry  courses  "  between  8900  and  9000  inches  in  length,"  or 
(to  nee  his  own  word)  "about"  8950  inohea  for  the  mean  length 
of  one  of  the  four  sides  of  the  base ;  eiclusive  of  the  ancient 
casing  and  backing  stones — which  last  Colonel  Howard  Vyse 
found  and  measured  to  be  precisely  108  inches  on  each  side,  or 
216  on  both  sides.  These  216  inches,  added  to  Professor  Smyth's 
measure  of  "  about "  8960  inches,  makes  one  side  9166  inches.  But 
Professor  Smyth  has  "  elected  "  (to  use  bis  own  expression)  not  to 
take  the  mathematioally  exact  measure  of  the  casing  stones  as 
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giTen  by  Colonel  Vjee  and  ^r  Ferring,  who  alone  ever  saw  them 
and  msuured  them  (for  they  were  destroyed  shortly  after  their  dia- 
coTery  in  1837),  bat  to  take  them,  withoat  any  adeqnste  reason 
and  (H}ntrary  to  their  mathematieal  measurement,  as  eqnal  only  to 
202  inches,  and  hence  "  accept  91S2  inches  as  the  original  length 
of  one  side  of  the  base  of  the  finished  pyramid."  He  deems,  how- 
ever, this  "  detenDination  "  not  to  be  so  much  depended  npon  as 
the  measarementB  made  from  eocket  to  eooket. 

The  mean  of  the  only  fonr  serieB  of  snch  socket  or  casing  stone 
measures  as  bare  been  recorded  hitherto  by  Jomard  (9163),  Vyse 
(9168),  Mahmond  Bey  (9162),  and  Znglia  (9110),  amounts  to  nearly 
9150.  The  first  three  of  these  obserrers  were  only  able  to  measure 
the  north  side  of  the  pyramid.  Hi  Inglis  measured  all  the  four 
sides,  and  made  tbem  respeotively  9120,  9114,  B102,  and  9102, 
making  a  difference  of  18  inches  between  the  shortest  and  longest. 
Professor  Smyth  thinks  the  measures  of  If  r  Ing^is  as  on  the  whole 
probably  too  small,  and  he  takes  two  of  them,  91 14  and  9102 — (hut, 
strangely,  not  the  largest,  9120) — as  data,  and  strikes  a  new  num- 
ber out  of  these  two  and  out  of  the  three  previous  measures  of 
Jomard,  Vyse,  and  Hahmoud  Bey,  frwn  these  five  quantities 
making  a  calculation  of  "means,"  and  electing  9142  as  the  proper 
measure  of  the  basis  line  of  the  pyramid — (which  exact  measure 
certainly  none  of  its  many  measurers  ever  yet  found  it  to  be) ;  and 
npon  this  foundation,  "derived"  (to  nee  his  own  words)  "from  the 
best  modem  measures  yet  made,"  he  proceeds  to  reason  on,  "as 
the  happy,  useful,  and  perfect  representation  of  9X42,"  and  the 
great  standard  for  linear  measure  revealed  to  man  in  the  Great 
Pyramid.  Surely  it  is  a  very  strange  standard  of  linear  measure 
that  can  only  be  thus  elicited  and  developed — not  by  direct  mea- 
surement, but  by  indirect  logio,  and  regarding  the  exact  and  pre- 
cise length  of  which  there  is  aa  yet  no  kind  of  reliable  and  accurate 
certainty. 

Lately,  Sir  Henry  James  has  shown  that  the  length  of  one  of 
the  sides  of  the  pyramid  base,  with  the  casing  stones  added,  as 
measured  by  Colonel  H.  Vyse — viz.,  9168  inohea — is  precisely  360 
derabs,  or  land  cubits  of  Egypt ;  the  derah  being  an  ancient  land 
measure  still  in  use,  of  the  length  of  nearly  25  J  British  inches,  or, 
more  correctly,  of  25-488  inohes ;  and  he  has  pointed  out  that  in 
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the  coDBtrnctioD  of  the  body  of,  the  Qceat  Fyramid,  the  architeot 
built  10  feet  or  10  cubits  of  horizontal  leogth  for  every  9  feet  ot 
9  cubita  of  vertical  height ;  while  in  the  oonatmctioD  of  the  various 
galleries  the  proportion  was  adhered  to  of  horizontal  length  to 
vertical  height  as  9  to  i, — rales  which  would  greatly  simplify  the 
building  of  such  a  structure.  The  Egyptian  derah  of  25-i8  inches 
is  practically  one-foartb  more  in  length  than  the  old  Egyptian 
cubit  of  Memphis  of  20-7  inches.  Long  ago  Sir  Isaac  Newton 
showed  from  Professor  Greaves'  measurements  of  the  chambers, 
galleries,  &c.,  that  the  Memphis  cubit  of  20-7  British  inches  waa 
apparently  the  working  cubit  of  the  masons  in  constmcting  the 
pyramid — an  opinion  so  far  admitted  more  lately  by  both  Meeare 
Taylor  and  Smyth;  "the  length"  (says  Professor  Smyth)  "ofthe 
cubit  employed  by  the  masons  engaged  in  the  Great  Pyramid  build- 
ing, or  that  of  the  ancient  city  of  Memphis,"  being  2073  British 
inches.*  According  to  Mr  Inglis'  late  measurement  of  the  four 
bases  of  the  pyramid,  after  its  four  comer  sockets  were  exposed,  the 
length  of  each  base  line  was  possibly  440  Memphis  cubits,  or  9108 
English  inches;  or,  if  the  greater  length  of  Jomard  and  Tyse  be 
held  nearer  the  truth,  442  Memphis  cubits,  or  9150  British  inches. 

But  Professor  Smyth  tries  to  show  that  (1.)  if  9142  be  granted 
faim  as  the  possible  base  line  of  the  pyramid ;  and  (2.)  if  25  inches 
be  allowed  to  be  the  length  of  the  "  Sacred  Cubit,"  as  revealed  to 
the  Israelites  (and  as  revealed  in  the  pyramid),  then  the  base  line 
might  be  found  very  neu  a  multiple  of  this  cubit  by  the  days  of 
the  year,f  or  by  365-25;  for  these  two  numbers  multiplied  together 

*  Yet  this,  the  HotDphiancabit,  "need  not"  («>mewhBt  mjeteriouelj  adds 
Profeiaor  Smyth),  "  and  actaaUy  is  Qot,  b;  an;  means  the  same  aa  the  cubit 
tgpifiid  in  the  more  concealed  and  lyntbiduti  metrological  system  of  the  Great 
Pyramid." 

t  Oodiiey  HiggiDi,  in  bis  work  OB '■  The  Celtic  Draida,"  ahowB  how,  among 
the  ancienta,  anperatitiona  comifcted  with  nnmbera,  aa  the  days  of  the  year  or 
the  fignrea  8fi6,  hsTO  played  a  prominent  part.  "  Amongst  the  ancient«"  (anye 
he)  "  there  vaa  no  end  of  the  aapentitioiiB  and  trilling  play  upon  the  nature 
and  value  of  nnmben.  The  flnt  men  of  antiquity  indnlged  tbemBeltes  in 
tbeM  fooleries"  (p.  244).  Mr  Higgina  points  oat  that  the  old  Welah  or 
British  word  for  ijtonebenge,  namely  Emtys,  eigoiSea,  according  to  Daviee, 
865 :  aa  do  the  words  Ujtbra,  Neiloa,  ftc. ;  tbtLt  certsJn  coUectiona  of  the  old 
Dmidic  atonea  at  Abary  may  be  made  to  count  366;  that  "the  famotta 
Abrasaaonl;  meant  the  solar  period  of  866  days,  or  the  sun,"  Ac.  "  It  was  all 
judicial  astrology.    ...    It  comes  (adds  Hr  Higgina)  from  the  Druide." 
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amount  to  9131  pyiamid&l  iDchcB,  or  9140  Britiah  iochea — the 
British  inch  being  held,  u  ftlready  stated,  to  he  1000th  leas  than 
the  pyramidkl  inch.  Was,  ho^wever,  the  "Sacred  Cnbit" — npon 
whose  alleged  length  of  25  "  pyramidal"  inches  this  idea  is  en- 
tirely built — really  a  meOBare  of  this  length  ?  In  this  matter — the 
most  important  and  vital  of  all  for  his  whole  linear  hypothesiB — 
Professor  Smyth  seems  to  have  fallen  int«  an  error  which  npaets 
all  the  calculations  and  inferences  founded  by  him  npon  it. 

Sir  Isaac  Newton,  in  his  remarkable  "  Dissertation  npon  the 
Sacred  Cubit  of  the  Jews,"  long  ago  came  to  the  couclasiou  that 
it  measured  24-82  British  inches.  In  tbis  way  it  was  one-fifth 
longer  than  the  cabit  of  Memphis,  viz.,  207  inchea,  aa previously 
deduced  by  bim  from  Greaves'  meaeurements  of  the  King's 
Chamber  and  other  parts  of  the  interior  of  the  dreat  Pyramid. 
Before  drawing  his  final  inference  aa  to  the  Sacred  Cnbit  being 
24'82  inches,  and  as  so  many  steps  conducting  to  that  inference, 
Sir  Isaac  shows  that  the  Sacred  Cubit  was  some  measurement  inter- 
mediate between  a  long  and  moderate  hnman  step  or  pace,  between 
the  third  of  the  length  of  the  body  of  a  tall  and  short  man,  &e^ 
&o.  Professor  Smyth  has  collected  eight  of  the  measurements  thus 
adduced  by  Newton  as  "  methods  of  approach"  to  circumscribe  the 
length  of  the  Sacred  Cnbit;  and  adding  to  these  data  Sir  Isaac's 
deduction  of  the  actual  length  of  the  Sacred  Cnbit  as  a  ninth 
qnantity,  he  enters  the  whole  nine  in  a  table  as  follows : — 

Profusor  SmytJi't  TabU  of  NtwUm't  Inquiry  regarding  lie  Sacred 
Cubit 


First,      between 

23-28  and  27-94  British  Inches 

Second, 

233          27-9               „ 

Third, 

24-80        20-02             „ 

Ponrth, 

24-91        26-68             „ 

And  Fifth,  someiriiere  sear  £4*82. 

"  The  mean  of  all  which  numbers "  (Frofeasoi  Smyth  remarks) 
"  amonntB  to  25-07  British  inches.  The  Sacr«d  Cubit,  then,  of 
the  Hebrews"  (he  adds)  "  in  the  time  of  Moses — according  to  Sir 
Isaac  Newton — was  equal  to  25*07  British  inches,  with  a  probable 
error  of  ±  -l." 

But — "  according  to  Sir  Isaac  Newton" — the  Sacred  Cnbit  of  the 
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JevB  was  not  25'07,  as  ProfeBBor  Smyth  makes  him  state,  but  21*82 
British  inohea  (oi  25  ODcise  of  the  Roman  foot,  and  ^  of  an  nncia), 
as  Sit  Isaac  himself  more  tbau  once  deliberately  infers  in  his 
Dissertation.  Besides,  in  such  inquiries  is  it  not  illogical  to 
attempt  to  draw  mathematical  deductions  hy  these  calculations  of 
"  means,"  and  especially  by  using  the  ninth  quantity  in  the  table 
— viz.,  Sir  Isaac's  own  deliberate  deduction  regarding  the  actual 
length  of  the  Sacred  Cubit— as  one  of  the  nine  quantities  from  which 
that  length  was  to  be  deduced  by  the  eqaivocal  process  of  means  ? 
Errors,  however,  of  a  still  more  serious  kind  exist.  The  "  mean  " 
of  the  nine  quantities  in  Professor  Smyth's  table  is,  he  infers,  2507 
inches ;  and  heuce  he  avows  that  this,  or  near  this  figure,  is  the 
length  of  the  Sacred  Cubit.  Bat  the  real  mean  of  these  nine 
qnantitiee  is  not  26-07,  but  2529 — a  number  in  snch  a  testing 
question  as  this  of  a  very  different  value.  For  the  days  of  the  year 
(3&5'25)  when  multiplied  by  this — the  true  mean  of  these  nine 
quantities — would  make  the  base  line  of  the  pyramid  9237  inches, 
instead  of  Professor  Smyth's  theoretical  number  of  9142  inches — 
a  difference  altogether  overturning  all  his  inferences  and  calcula- 
tions thereanent. 

The  incidentally  erroneous  summation  which  Professor  Smyth 
makes  of  the  nine  quantities  in  his  table,  as  amounting  to  2507,  be 
declares  (to  use  his  own  strong  words)  as  a  "  really  glorious  coruum- 
malion  for  the  gCodesical  science  of  the  present  day  to  have  brought 
to  light;"  for  he  avers  this  length  of  25-J7 — which  he  forthwith 
elects  to  alter  to  25'025  British  inches — being  "  practically  the 
sacred  Hebrew  cubit,  is  enxictly  one  ten-millionth  (1-1 0,0 00, 000th) 
of  the  earth's  semi-asis  of  rotation ;  and  that  is  the  very  best  mode  of 
reference  to  the  eorth-ball  as  a  whole,  for  a  linear  standard  through 
all  time,  that  the  highest  science  of  the  existing  age  of  the  world 
has  yet  struck  out,  or  can  imagine.  In  a  word,  the  Sacred  Cubit, 
thus  realised,  forms  an  instance  of  the  most  advanced  and  perfected 
human  science  supporting  the  truest,  purest,  and  most  ancient 
religion ;  while  a  linear  standard  which  the  chtwen  people  in  the 
earlier  ages  of  the  world  were  merely  told  by  maxim  to  look  on  as 
'  sacred,  compared  with  other  cubits  of  other  lengths,  is  proved  by 
the  progress  of  human  learning  in  the  latter  ages  of  time,  to  have 
bad,  and  still  to  have,  a  philosophical  merit  about  it  which  no 
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men  or  nations  at  the  time  it  was  first  produced,  or  within  aeveTal 
thousand  jears  thereof,  could  have  possibly  thought  of  for  them- 
selvea."  Seaides,  adda  he  elaewhere,  "  an  extraordmary  (ale)  cod- 
Tenient  length,  too,  for  man  to  handle  and  nae  In  the  common  affain 
of  life  is  the  one  ten -millionth  of  the  earth'a  aemi-axis  of  rotation 
when  it  comes  to  be  realised,  for  it  ia  extremely  close  to  the  ordi- 
nary human  arm,  or  to  the  ordinary  human  pace  in  walking  with  a 
purpose  to  measure." 

Of  course,  all  these  inferencea  and  reasonings,  regarding  the 
Sacred  Cubit  being  an  exact  segment  of  tbe  polar  axis,  disappear 
when  we  find  Sir  Isaac  Newton'a  length  of  the  sacred  cubit  ia 
not,  as  FrofesGor  Smyth  electa  it  to  be,  25025  British  inchea;  nor 
25-07  as  he  calculated  it  to  be  from  the  mean  of  tbe  nine  quan- 
tities in  hia  table  ;  nor  25-29,  as  ia  the  actual  mean  of  tiieae  nine 
quantities ;  but,  "  according  to  Sir  Isaac  Newton'a"  own  reiterated 
atatement  and  conclusion,  2482.  A  Sacred  Cubit,  according  to 
Sir  Isaac  Newton's  admeasurementa  of  it  of  24  82  inchea,  woald 
not,  by  hundreds  of  cubits,  be  one  ten-millionth  of  the  measure  of 
the  semi-polar  axis  of  the  earth ;  provided  the  polar  axis  be,  as  Pro- 
fessor Smyth  electa  it  to  be,  500,500,000  British  inches. 

Axis  OF  THE  E&BTH  AS  A  StADDABP  OF  MxASinUI. 

The  standardsof  measure  in  most  modern  civilised  countries  are, 
as  is  well  known,  referred  to  divisions  of  arcs  of  the  meridian, 
measured  off  upon  different  points  of  the  surface  of  the  earth. 
These  measures  of  arcs  of  the  meridian,  as  measurements  of  a 
known  and  selected  portion  of  the  surface  of  the  spheroidal  globe 
of  the  earth,  have,  more  or  less,  fixed  mathematical  relations  with 
the  axis  of  the  earth ;  as  the  circumference  of  a  sphere  has  an  exact 
mathematical  ratio  to  its  diameter.  The  difference  in  length  of 
arcs  of  the  meridian  at  different  parts  of  the  earth's  surface,  in 
consequence  of  the  irregular  spheroidal  form  of  the  globe  of  the 
earth,  baa  led  to  the  idea  that  the  polar  diameter  or  axis  of  the 
earth  would  form  a  more  perfect  and  more  universal  standard  than 
measurements  of  the  surface  of  the  earth.  In  the  last  century, 
CaBaini*  and  Calletf  proposed,  on  these  grounds,  that  the  polar 

'  "  Tralte  da  la  Qrandenr  et  de  la  Figure  de  la  Terre."  Amsterdam 
Edition(172S).  p.  196. 

t  "Tablet  FnrtatiTM  de  LoguithpaeB."     Paris,  ITOG,  p.  100. 
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axis  of  the  earth  should  be  taken  ae  the  atandard  of  meaaure. 
Without  having  noticed  these  propoaitions  of  Gaaeini  and 
Callet,  Professor  Smyth  adopts  the  same  idea,  and  avers  that 
4000  years  ago  it  bad  been  adopted  and  used  also  by  the 
baildeiB  of  the  Great  Pyramid,  who  laid  out  and  measured  off  the 
basis  of  the  pyramid  an  a  multiple  by  the  days  of  the  year  of  the 
Sacred  Cubit,  and  hence  of  the  pyramidal  cabit;  while  the  Sacred 
or  Pyramidal  Cabit  were  both  the  results  of  superhuman  or  divine 
knowledge,  and  were  both,  or  each,  one  ten-millionih  of  the  semi- 
polar  axis  of  the  earth.  We  have  already  seen,  however,  that  the 
Sacred  Cubit,  according  to  Sir  Isaac  Newton,  is  not  a  multiple  by 
the  days  of  the  year  of  the  base  line  of  the  Great  Pyramid,  and  is 
not  one  twenty- millionth  of  the  polar  axis  of  the  earth,  when  that 
polar  axis  is  laid  down  as  measuring,  according  to  the  nnmbera 
elected  by  Professor  Smyth,  500,500,000  British  inches. 

Bnt  is  there  any  valid  reason  whatever  for  fixing  and  determining, 
as  an  ascertained  mathematical  fact,  the  polar  axis  of  the  earth  to  be 
this  very  precise  and  exact  measure,  with  its  formidable  tail  of 
nothings?  None,  except  the  supposed  requirements  or  necessities  of 
Professor  Smyth's  pyramid  metrological  theory.  The  latest  and  most 
exact  measurements  are  acknowledged  to  be  those  of  Captain  Clarke, 
who,  on  the  doctrine  of  the  earth  being  a  spheroid  of  revolution,  com- 
putes the  polar  axis  to  be  500,522,604  British  inches ;  or  500,482,296 
British  inches,  calculating  it  from  the  results  of  all  the  known  arcs  of 
meridian  measures.  If  we  grant  that  the  Sacied  Cubit  could  be  allowed 
to  be  exactly  25025  inches,  which  Sir  Isaac  Newton  found  it  not  to 
be ;  and  if  we  grant  that  the  polar  axis  is  exactly  500,500,000  Bri- 
tish inches,  which  Captain  Clarke  did  not  find  it  to  he;  then,  certainly, 
OS  shown  by  Professor  Smyth,  there  would  he  20,000,000  of  these 
snpposititions  pyramidal  cubits,  or  500,000,000  of  the  supposititious 
pyramidal  inches  in  this  supposititious  polar  axis  of  the  earth. 
"  In  so  far,  then"  (writes  Professor  Smyth),  "we  have  in  the  5,  with 
the  many  O's  that  follow,  a  pyramidally  commensurable  and  sym- 
bolically appropriate  unit  for  the  earth's  axis  of  rotation."  But 
such  adjustments  have  been  made  with  as  great  apparent  exacti- 
tude when  entirely  difi'erent  earth-axes  and  quantities  were  token. 
Thus,  Sir  John  Taylor  shows  the  inches,  cubits,  and  axes  to  answer 
precisely,  although  he  took  as  bis  standard  a  totally  difi'erent 
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diamelei  of  the  earth  from  Profegaor  Smyth.  The  dikmeter  of 
the  earth  at  30°  of  latLtnde — the  geographical  poeitioa  of  the 
Qreat  Pyiamid — ia  some  seventeen  miles,  or  more  exactly  17-652 
miles,  or  above  1,100,000  inches,  longer  than  at  the  poles.  Bnt 
Mr  Tayloi  fixed  upon  this  diameter  of  the  earth  at  latitude  30° 
— and  not,  like  Frofeesor  Smyth,  upon  ita  polar  diameter — as  the 
standard  for  the  metrological  linear  measurea  of  the  Great  Pyramid ; 
and  jet,  tbongh  the  standard  was  so  different,  he  found,  like  Mr 
Smyth,  500  millions  of  inches  also  in  his  axis,  and  20  millions  of 
cubits  also.*  The  resulting  figures  appear  to  fit  equally  as  well 
for  the  one  as  for  the  other.  Perhaps  they  answer  best  on  Mr 
Taylor's  scheme.  For  Mr  Taylor  maintoiued  that  the  diamet«r 
of  the  earth  before  the  Flood,  at  this  selected  point  of  30",  was  less 
by  nearly  27  miles  from  what  it  was  subaeqnently  to  the  Flood,t 
and  is  now ;— a  point  by  which  he  accounts  for  otherwise  aaoccouat- 
able  cireumstances  in  the  metrological  dootrinea  which  have  been 
attempted  to  be  connected  with  the  Great  Pyramid.  For  while  Mr 
Taylor  believes  the  Sacred  Cubit  to  be  2488,  or  possibly  24-90  Bri- 
tish inches,  he  holds  the  new  Pyramidal  cubit  to  be  25  inches  in 
full ;  and  the  Sacred  and  Pyramidal  cubits  to  be  different,  there- 
fore, frem  each  other,  though  both  inspired.  In  explanation  of  this 
startling  difference  in  two  meoeuree  supposed  to  he  equally  of  sacred  J 

*  *■  The  dlatneteT  of  the  oitrth,  according  to  the  meftinres  taken  at  the  P;ra- 
mids,  ia  41,606.687  English  fact,  or  500,000,000  inches."  (See  ■'  The  Great 
Pjrftmid,"  p.  76.)  "  Dividing  Hiie  numbaf  by  20  milliont,  we  obtain  the 
meaaiuB  of  25  (English)  inobea  for  the  Sacred  Oabit"  (p.  67). 

t  "When"(»ayB  Mr  Tajlor,  p.  91)  ■' the  nw  Ear Ih  wa*  moanired  in  Egjpt 
after  the  Delnge,  it  was  fonnd  that  it  eicooded  tbe  diameter  of  the  old  Earth 
hj  the  difference  between  497,661.000  inchsa  and  600,000,000  inches ;  that  is, 
b7  2,S86,000  inches,  eqnal  to  26-868  miles." 

X  AUtgtd  Sacrtd  Char^aer  of  tht  BtoUiih  Tard  or  BU  JTaMwr*.— ProrsBSoi 
Smftb  tries  to  show  (iii.  697),  that  if  Britain  stands  too  low  in  his  metro- 
logical  testing  of  the  Earopean  hingdoma  and  races,  iU  "  low  entry  is  due  b> 
accepting  the  yard  for  tbe  country's  popular  measare  ot  length."  But  long 
■go  the  "  divine"  origin  of  the  Scottish  oil— as  in  recent  times  the  dixiue 
origin  of  tha  so-called  pyramidal  cubit  and  inch—was  pleaded  rather  stronn- 
ously.  For  when,  in  tbe  IStb  century,  Edward  I.  of  England  laid  before  Pope 
Boniface  his  reasons  for  attaching  the  kingdom  of  Scotland  to  tbe  Crown  of 
England,  he  maintained,  among  other  arguments,  the  justice  and  legality  of 
tills  appropriation  on  the  ground  that  his  predecessor  King  Atliektane,  after 
subduing  a,  rebellion  in  Scotland  nnder  the  auipices  of  St  John  of  Bererley, 


nigti/coavGoOglc 


of  Edinburgh,  Session  1867-68.  263 

origin,  Mr  Taylor  obeerree— "  The  smaller  (24-88)  ia  the  Sacred 
Cubit  which  measured  the  diameter  of  the  Earth  before  the  Mood ; 
the  one  by  which  Noah  tneasared  the  Ark,  aa  tradition  saya ;  and 
the  one  in  accordance  with  which  all  the  interior  works  of  the  Great 
Pyramid  were  constructed.*  The  larger  (25)  is  the  Sacred  Cubit 
of  the  pretent  Earth,  according  to  the  standard  of  the  Great 
Pyramid  when  it  was  completed." 

Surely  sach  marked  diversities  and  contradictions,  and  such 
Btrange  hypothetical  adjuBtments  and  r»-adjustmeotB  of  the  data 
and  calculatione,  entirely  upset  the  groundless  and  extraordinaiy 
theory  of  the  base  of  the  pyramid  being  a  standard  of  linear 
meaBurement ;  or  a  segment  of  any  particular  axis  of  the  earth ; 
ot  a  standard  for  emitting  a  system  of  new  inches  and  new  cubits ; — 
seeing,  on  the  one  hand,  more  particularly,  that  the  basis  line  of  the 
pyramid  is  still  itself  on  unknown  and  undetermined  linear  quantity, 
as  is  also  the  poloi  axis  of  the  earth  of  which  it  is  declared  and 
averred  to  be  an  ascertained,  determined,  and  meaeured  segment. 

M.  Pancton,  is  1780,  wrote  a  work  in  which  he  laid  down  the 
base  side  of  the  pyramid  as  8754  incbee;  maintained,  like  Mr 
Taylor  and  Mr  Smyth,  that  this  length  was  a  standard  of  linear 
measures ;  found  it  to  be  the  measure  of  a  portion  of  a  degree  of 
the  meridian,  such  degree  being  itself  the  360th  part  of  a  circle  ;— 
and  apparently  the  calculations  and  figures  answered  as  well  as 

prayed  that  tbrougb  the  iatervenlioii  of  that  Baint,  it  "  might  be  granted  to 
him  to  receive  a  visible  and  tangible  lokeD  b;  vhich  all  fatare  ages  might 
be  OMored  that  the  Bcols  were  rightfull?  enbject  to  the  King  of  Eagland.  Hia 
prayer  wns  granted  in  thii  waj  :  Standing  in  front  of  one  of  the  rocks  at 
Dunbar,  he  made  a  cot  at  it  with  his  sword,  and  left  a  soore  which  proved  to 
be  the  freeim  length  of  an  ell,  and  was  adopted  aa  the  regnlation  test  of  that 
meaaare  of  length."  This  legend  of  the  ■'  mlraooloDsl;  created  ell-wand  stand- 
ard" waa  afterwards  duly  attested  by  a  weekl;  service  in  the  Charch  of  St 
John  of  Beterle;.  (Bee  Burton's  "History  of  Scotland,"  ii  819.)  IntheofBcial 
account  of  the  miracle,  aa  cited  b;  Sjmer,  it  ia  declared  that  during  ita  per- 
formance the  rock  cot  like  butter  or  soft  mud  under  the  sttoha  of  Athel- 
•tone's  Bword.  "  Extrahens  gladium  de  vaginS  perouesit  in  oilicem,  qnn  adeo 
penetiabilia,  Dei  Tirtale  ogsnte,  fnit  gladio,  quaai  e&dem  hoti  lapis  bntimm 
eaaet,  Tel  mollis  glarea ;  .  .  .  etnaqueadpieaentemdieni,  eyidenstigQum 
patet,  quod  Scot!,  ab  Anglis  devicti  ac  aubjugata ;  monameuto  tali  evidenter 
cunotis  adeontibua  demonatrante."     (Foedera,  tom.  1.  pan  ii.  TTl.) 

■Ealewhers  (p.  45)  Mr  Taylor  coiroboretee  Sir  Isaao  Newton's  opinion  that 
the  Ki/Tkaig  cubit  by  which  the  Pyramid  waa  boilt  waa  the  cubit  of  Mempbis. 
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when  the  meaauTement  wm  declared  to  be  9142  inches,  and  the 
line,  not  a  segment  of  an  arc  of  the  circumrerence  of  the  earth,  hot 
a  segment  of  the  polar  axis  of  the  earth ;  for  Ue  I'lsle  lands  Pane- 
ton's  meridian  degree  theory  as  one  of  the  wondious  efforts  of 
human  genius,  or  (to  use  his  own  words)  "  as  one  of  the  chief  works 
of  the  human  mind  I "  Yet  the  errors  into  which  Fanoton  was  led 
in  miscaloulating  the  base  line  of  the  Pyramid  as  8754  inches,  and 
the  other  ways  he  was  misled,  are  enough,  suggests  Professor  Smytb, 
"  to  make  poor  Pancton  turn  in  his  grave." 

SlONIIICANCB  OF  CtPHBBS  AND  FiTBS. 

U.  Fanoton,  Mr  Taylor,  and  those  who  have  adopted  and 
fallowed  their  pyramid  metrological  ideas,  seem  to  imagine  that 
if,  by  multiplying  one  of  tbeir  measures  or  objects,  they  can  run 
the  calculation  out  into  a  long  tail  of  terminal  O's,  then  something 
very  exact  and  marvellous  is  proved.  "  When  "  (upholds  Mr 
Taylor),  "  we  find  in  so  complicated  a  series  of  figures  as  that 
which  the  measures  of  the  Great  Pyramid  and  of  the  Earth  require 
for  their  expression,  round  numben  present  themselves,  or  such  as 
leave  no  remainder,  we  may  be  sure  we  have  arrived  at  primitive 
measures."  But  many  small  objects,  when  thu^  multiplied  sufB- 
ciently,  give  equally  startling  strings  of  O's.  Thus,  if  the  polar  axis 
of  the  earth  be  bold  as  500,000,000  inches,  and  Sir  Isaac  Newton's 
"  Sacred  Cubit "  beheld  as  2482  inches— then  the  long  diameter  of 
the  brimofthe  lecturer's  hat, mea8uringl2-4inches,iBl-2O,OOO,OO0tb 
of  the  earth's  polar  axis ;  a  page  of  the  print  of  the  Society's  Trans- 
actions is  1-60, 000 ,000th  of  the  same;  a  print  page  of  Professor 
Smyth's  book,  6'2  inches  in  length,  is  1  •80,000,000th  of  this 
"  great  standard  ; "  &c.,  &c. 

Professor  Smyth  seems  further  to  think  that  the  figure  oi 
number  "  five  "  plays  also  a  most  important  symbolical  and  inner 
part  in  the  configuration,  structure,  and  enumeration  of  the  (rreat 
Pyramid.  "The  pyramid " (says  he)  "embodies  in  a  variety  of 
ways  the  importance  of  five."  It  is  itself  "  five-angled,  and  with  its 
plane  a  five-sided  solid,  in  which  everything  went  by  fives,  or 
numbers  of  fives  and  powers  of  five."  "  With  five,  then,  as  a 
number,  times  of  five,  and  powers  of  five,  the  Qreat  Pyramid  con- 
tains a  mighty  system  of  consistently  subdividing  large  quantities 
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to  Boit  homan  happinesB."  To  express  this,  tit  Smyth  suggests 
the  new  Doun  "  fiveuees."  Bat  it  applies  to  many  other  matters  as 
strongly,  or  more  strongly,  thao  to  the  Great  Pyramid.  For  inetacce, 
tfae  range  of  rooms  belonging  to  the  Boyal  Society  is  "five"  in 
nnmher ;  the  hall  in  which  it  meets  has  five  windows ;  the  roof  of 
that  hall  is  divided  into  five  tianeverse  ornamental  sectioDs;  and 
each  of  these  five  transverse  Bections  is  Bubdivided  into  five  longi- 
tudinal ones ;  the  books  at  each  end  of  the  hall  are  arranged  in  ten 
rows  and  six  aectiona — making  sixty,  a  multiple  of  five ;  the  official 
chairs  in  the  hall  are  ten  in  nomber,  or  twice  five ;  the  number  of 
benches  on  one  side  for  ordinary  fellows  is  generally  five;  the  office- 
hearers  of  the  Society  are  twenty-fire  in  number,  or  five  times  five ; 
and  BO  on.  These  arrangements  were  doubtless,  in  the  first  instance, 
made  by  the  Royal  Society  without  any  special  relation  to  "  five- 
ness,"  or  the  "  eymholisation "  of  five ;  and  there  is  not  the 
slightest  ground  for  any  belief  that  the  apparent  "  fivenese "  of 
anything  in  the  Great  Pyramid  had  a  different  origin. 

MimUenaa  of  Modem  Practical  Standards  or  Gauges. 

In  all  these  **  standards  "  of  capacity  and  length  alleged  to 
exist  aboot  the  Great  Pyramid,  not  only  are  the  theoietioal  and 
actual  sizes  of  the  supposed  "  standards  "  made  to  vary  in  different 
books — which  it  is  impossible  for  an  actual  "  standard  "  to  do, — but 
the  evidences  adduced  in  proof  of  the  conformity  of  old  or  modem 
measnres  with  them  is  notoriomly  defective  in  complete  aptneBB 
and  accuracy.  MeaBUies,  to  be  true  counterparts,  must,  in  mathe- 
matics, be  not  simply  "  near  "  or  "  very  near,"  which  is  all  that  is 
generally  and  vaguely  claimed  for  the  supposed  pyramidal  proofs ; 
but  they  must  be  entirely  and  exactly  alike,  which  the  pyramidal 
proofs  fail  altogether  in  being.  Mathematical  measurements  of 
lines,  sizes,  angles,  &c.,  imply  exactitude  and  uot  mere  approxima- 
tion ;  and  without  that  exactitude  they  are  not  mathematical,  and 
^for  more— are  they  not  "  superhuman  "  and  "  inspired." 

Besides,  it  must  not  be  forgotten  that  our  reeX  practical  standard 
measures  are  infinitely  more  refined  and  many  thonsand-fold  more 
delicate  than  tmy  indefinite  and  equivocal  meaBures  alleged  to  be 
found  in  the  pyramid  by  even  those  who  are  most  enthusiastic  in 
tfae  pyramidal  metrological  theory.    At  the  London  Exhibition  in 
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1851,  that  diatinguiehed  mechaniciaD,  Mr  Whitworth,  or  Uaoohee- 
ter,  was  the  first  to  show  the  poseibility  of  ascertainiDg  by  the  sense 
of  touch  alone  the  ooe- millionth  of  an  inch  in  a  properljr-adjnsted 
standard  of  licear  measure ;  and  in  his  great  eetablishment  at  Uan- 
cheeter  thejr  work  and  constmot  machinery  and  tools  of  all  kinds 
with  differencee  in  linear  measurements  amonutiDg  to  one  ten- 
thouBandtb  of  an  inch.  The  standards  of  the  English  inch,  &o., 
made  by  him  for  the  Qovernment — and  now  used  by  all  the  engine 
and  tool  makeni,  &c.,  of  the  United  Kingdom — lead  to  the  constrno- 
tion  of  machinery,  &c.,  to  aucb  minute  divisions;  and  the  adoption 
of  these  standards  has  already  effected  enormous  saving  to  the 
country  by  bringing  all  measured  metal  machinery,  instruments,  and 
tools,  wherever  constnicted  and  whereTer  afterwards  applied  and 
used,  to  the  same  identical  series  of  mathematical  and  precise  gauges. 

7^  Sabbath,  dx.,  Typified  in  the  Pyramid. 

The  communication  next  discussed  some  others  amongst  the 
many  and  diversified  matters  which  Professor  Smyth  fancifully 
averred  to  be  typified  and  symbolised  in  the  Qreat  Pyramid. 

One,  for  example,  of  the  chambers  in  the  Qreat  Pyramid — the 
so-called  Queen's  Chamber — has  a  roof  composed  of  two  large 
blocks  of  stone  leaning  against  each  other,  making  a  kind  of  slant- 
ing or  double  roof.  This  doable  roof,  and  the  four  walla  of  the 
chamber  count  six,  and  typify,  according  to  Prafessor  Smyth,  the 
six  days  of  the  week,  whilst  the  floor  counts,  as  it  were,  a  seventh 
side  to  the  room,  "  nobler  and  more  glorious  than  the  rest,"  and 
typifying  something,  he  conceives,  of  a  "  nobler  and  more  glorious 
order  " — namely,  the  Sabbatb.  It  is  surely  difBcult  to  fancy  any- 
thing more  strange  than  this  strange  idea.  In  forming  this  theory 
liberties  are  also  confessedly  taken  with  the  floor  in  order  to  make 
it  duly  larger  than  the  other  six  sides  of  the  room,  and  to  do  to  he 
theoretically  lifts  np  the  floor  till  it  is  placed  higher  than  the  very 
entrance  to  the  chamber;  for  originally  the  floor  and  sides  are 
otherwise  too  nearly  alike  in  size  to  make  a  symbolic  seven-eided 
room  with  one  of  the  sides  proportionally  and  properly  larger  than 
tbe  other  six  eides.  Yet  Profeesoi  Smyth  holds  that,  in  the  above 
typical  way,  he  has  "shown,"  or  indeed  "  proved  entirely,"  that  the 
Sabbath  had  been  heard  of  before  Moses,  and  that  thus  he  finds 
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unexpected  and  CDofirmatory  light  of  a  fact  which,  he  avera,  is  of 
"  extraordinary  importance,  and  poBscfssM  a  ramifying  influence 
through  man;  departments  of  reiigiouB  life  and  progress." 

He  believes,  also,  that  the  corner-stone— so  frequently  alluded  to 
by  the  Fsalmiat  and  the  Apostles  as  a  symbol  of  the  Af  essiah — is 
the  bead  or  comer-stone  of  the  Great  Pyramid,  which,  though  long 
ago  removed,  may  yet  poGsibty,  he  thinks,  be  discovered  in  the 
Cave  of  MachpeUb;  though  how,  why,  or  wherefore  it  should  have 
found  its  way  to  that  distant  and  special  locality  is  not  in  any 
way  solved  or  suggested. 

Pyramid  alleged  to  be  a  Superhuman,  and  more  or  leu  an  Inspired 
Melrological  Erection. 

Professor  Smyth  holds  the  Great  Pyramid  to  be  in  its  emblems 
and  intentions  and  work  "superhuman;"  as  "not  altogether  of 
human  origination ;  and  in  that  case  whereto  "  (be  asks)  "  should 
we  look  for  any  human  assistance  to  men  but  from  Divine  inspira- 
tion?" "  Its  metrology  is,"  he  conceives,  "  directed  by  a  higher 
Power"  than  man;  its  erection  "directed  by  the  ^f  of  Infinite 
Wisdom ; "  and  the  whole  "  built  under  the  direction  of  chosen 
men  divinely  inspired  from  on  high  for  this  purpose." 

If  of  this  Divine  origin,  the  work  should  be  absolutely  perfect; 
but,  as  owned  by  Professor  Smyth,  the  structure  is  not  entirely 
correot  in  its  orientation,  in  its  squareness,  &o.,  &c. — all  of  them 
matters  proving  that  it  is  human,  and  not  superhuman.  It  was, 
Professor  Smyth  further  alleges,  intended  to  convey  standards  of 
measures  to  all  times  down  to,  and  perhaps  beyond,  these  latter 
days,  "to  herald  in  some  of  those  accompaniments  of  the  promised 
millennial  peace  and  goodwill  to  all  men.'  Hence,  if  thus  miracu- 
lous in  its  foreseen  uses,  it  ought  to  have  remained  relatively  perfect 
till  now.  But  "  what  feature  of  the  pyramid  is  there "  (asks 
Professor  Smyth)  "  which  renders  at  once  in  its  measurements  in 
the  present  day  its  ancient  proportions?  None."  If  the  pyramid 
were  a  miracle  of  this  kind,  then  the  Arabian  Caliph  El  Kamoon  so 
far  upset  the  supposititious  miracle  a  tboasand  years  agO'-(of  course 
he  could  not  have  done  so  provided  the  miracle  had  been  truly  ' 
Divine) — when  he  broke  ioto  the  King's  Chamber  and  unveiled  its/ 
contents;  inasmuch  as  the  builders,  according  to  Professor  Smytp, 
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inteDded  to  conceal  its  eecrete  for  the  benefit  of  these  latter 
times,  and  for  this  purpose  had  left  a  mathematical  sign  of  a  cioae 
joint  OD  the  floor  of  the  gallery,  by  which  some  man  in  the  distant 
fnture,  visiting  the  interior,  shoald  detect  the  entrance  to  the 
cbambers ;  and  which  secret  sign  Frofegcor  Smyth  himself  was,  u 
he  believes,  the  first  to  discover  two  years  ago.  The  secret,  how- 
ever, if  any  such  was  placed  there,  for  the  detection  of  tho  eotrance 
to  the  interior  chambers,  has  been  thna  discovered  some  1000  years 
too  late  for  the  evolution  of  the  alleged  miraculotis  arrangement. 
In  leUtion  to  the  Great  Pyramid,  as  to  other  things,  we  may  be 
sure  that  God  does  not  teach  by  the  medium  of  miracle  anything 
that  the  unaided  intellect  of  man  can  find  out;  and  we  mast  beware 
of  WTongoualy  and  disparagingly  attributing  to  Bivine  inspiration 
and  aid,  things  that  are  imperfect  and  human. 

The  communication  concluded  by  a  long  series  of  remarks,  in 
which  it  woa  pointed  out  that  at  the  time  at  which  the  Great 
Pyramid  was  built,  probably  about  4000  years  ago,  mining,  archi- 
tecture, astronomy,  &c.,  were  so  advanced  in  varions  parts  of  the 
East  as  to  present  no  obstacle  in  the  way  of  tbe  erection  of 
such  magnificent  mausoleums  as  the  colossal  Great  Pyramid  and 
its  other  congener  pyramids  undoubtedly  are. 


2.  Note  on  the  Occasional  Occurrence  of  the  MubcuIus  Rectus 
Thoracis  in  Man.    By  Professor  Turner. 

During  the  last  winter  session,  I  communicated  to  tbe  Society* 
a  paper  on  the  "  Musculus  Stemalis,"  in  which  I  argued  that  the 
longitudinally  arranged  muscle,  occasionally  found  superficial  to 
the  sternal  fibres  of  origin  of  the  pectoralis  major,  was  not,  as  anato- 
mists have  usually  described  it,  homologous  with  the  anterior  or 
thoracic  fibres  of  the  mammalian  rectos,  but  belonged  to  another 
group  of  muscles. 

Since  that  time  I  have  met  with  two  subjects  in  tbe  dissecting- 
room,  in  each  of  which  a  longitudinal  muscle  occurred,  lying  in 
contact  with  the  outer  surface  of  the  anterior  extremities  of  the 
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upper  true  ribs,  and  beDoath  the  fibres  of  the  pectoral  mnHcIe,  which 
is,  from  the  position,  direction,  and  connection  of  its  fibres,  I  believe 
to  be  regarded  aa  homologous  with  the  thoracic  end  of  the  mam- 
malian rectos.  Both  subjects  were  males.  In  one  a  longitudinal 
ribbon-shaped  muscle  arose  by  a  thin  expanded  tendon,  from  the 
upper  border  of  the  fifth  left  rib,  immediately  internal  to  the  at- 
tachment of  the  serratUB  magnus.  The  innermost  part  of  its  tendon 
was  continuous  with  the  membrane  ccvering  the  internal  intercoBtal 
muscle,  and  was  attached  to  the  rib  atthejunctionof  its  osseous  and 
cartilf^nons  partions.  From  the  anterior  surface  of  the  fourth  rib, 
close  to  the  origin  of  the  seiratus  magnns,  a  second  and  smaller 
origin  proceeded.  The  muscle  ascended  superficial  to  the  osseous 
parts  of  the  third  and  secoad  ribe,  as  high  as  the  first  rib,  into  which 
it  was  inserted  immediately  external  to  the  tendon  of  attachment 
of  the  BubclaTins  muecle.  The  muecle  was  6  inches  long  and  §the 
of  an  inch  broad  at  its  widest  part.  The  breadth  of  the  fifth  rib 
alone  separated  it  from  the  upper  attachment  of  the  rectus  abdo- 
minis.   A  corresponding  mnscle  existed  on  the  right  side. 

In  the  other  subject,  a  longitudinal  mnscle— on  the  right  side 
only — arose  beneath  the  pectoralis  minor  from  the  upper  border  of 
the  fourth  rib  two  inohes  to  the  outer  side  of  the  junction  of  its 
bone  and  cartilage.  It  ascended  superficial  to  the  third  and  second 
ribs,  to  be  inserted  into  the  bony  part  of  the  first  rib,  {ths  of  an 
inch  external  to  the  attachment  of  the  Bubclavius. 

In  the  cat,  the  otter,  the  heaver,  the  porcupine,  and  various  other 
Mammalia,  the  rectus  mnscle  extends  as  high  as  the  first  rib,  into 
which  it  is  inserted,  and  in  this  respect  the  arrangement  may  be 
compared  with  that  of  the  occasional  human  muscles  just  described. 

In  these  animals,  however,  the  thoracic  and  abdominal  parts  of 
the  rectus  ara  directly  contlnnons  with  each  other,  whilst  in  the 
human  subject  a  break,  corresponding  in  the  first  specimen  to  the 
fifth  rib,  and  in  the  second,  to  the  fifth  rib  and  fourth  intercostal 
space,  occurred ;  bat  this  break  may  be  regarded  as  comparable  to 
one  of  those  transverse  tendinous  intersections,  invariably  found  in 
the  abdominal  part  of  the  human  rectus,  and  which  exist  also  in 
the  recti  of  the  greater  number  of  the  Mammalia.  These  speci- 
mens seem  to  present  as  complete  a  representation  of  the  mam- 
malian arrangement,  though  in  a  somewhat  different  form,  as  is 
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afforded  bj  the  oase  recorded  by  Kaan  fioerhoave,  to  which  I 
alluded  Id  my  former  paper,  and  they  support  the  opinion  I  ven- 
tured to  throw  out  in  that  communication,  that  the  supracostal 
mUBcle  described  by  Mr  John  Wood  (Proe.  Soy.  Boe.  London,  June 
15, 1865),  ifl  homologons  with  the  pectoral  end  of  the  mammalian 
rectus. 

During  the  past  year,  Mi  Wood  has  deecribed  another  specimen  of 
the  supra-costal  muscle  (Proc.  Roy.  Soc.  London,  May  23,  1867) 
which  passed  from  the  third  rib  upwards  to  the  first  rib  and  cervical 
fascia ;  Dr  BobertB  (Liverpool  Medical  and  Surgical  Beportt,  Octo- 
ber 1867),  one  which  extended  from  the  fourth  to  the  first  rib ;  and 
Boohdalek,  Jun.  (Yirchow's  Archiv.  18t,h  November  1867),  under 
the  name  of  M.  supra-costalis  anterior,  has  described  and  fibred 
one,  which  also  passed  from  the  fourth  to  the  first  rib ;  but  by 
none^of  these  anatomiste  is  any  reference  made  to  the  proba- 
bility of  its  being  homologous  with  the  pectoral  end  of  the  mam- 
malian rectus. 

The  specimens  which  I  have  now  recorded  apparently  corre- 
spond to  the  supra-costal  muscles  of  these  writers ;  and  the  arrange- 
ment more  especially  of  the  first,  in  which  the  muscle  extended  as 
low  as  the  fifth  rib,  and  was  separated  from  the  rectus  only  by  the 
breadth  of  that  rib,  jostifies  me,  I  think,  in  the  conclusion  I  have 
come  to  respecting  the  homology  of  the  muscle. 
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Monday,  Zd  February  1868. 
Profhsbor  CHRISTISON,  Vice-Preaident,  in  the  Chair. 

Tlie  following  Address,  at  the  request  of  the  Council,  was 
delivered  by  the  Kev.  H.  B.  Tristram  on  the  Recent 
Scientific  Researches  in  Palestine. 

Not  withe  tan  ding  the  intense  interest  of  the  topography  oF  Pales- 
tine, and  above  all  else  of  the  Holy  City  iteelf,  yet  it  is  only  within 
the  life-time  of  the  present  generation  that  any  attempt  has  been 
made,  systematically  and  scientifically,  to  explore  its  sacied  and 
historical  sites. 

Centuries  after  the  foundations  of  ancient  Rome  had  beeo  traced, 
years  after  the  temples  of  Attica  had  been  searched  and  rifled  by 
Lord  Elgin  of  their  fairest  ornaments,  we  knew  no  more  of  the 
topography  of  Jerusalem  than  could  be  gathered  from  the  monkish 
chroniclers,  or  from  Eeland  and  Mauadrell,  and  dreamt  not  that  a 
buried  city  lay  beneath  the  streets  of  modem  Zion,  as  little 
revealed  by  the  contour  of  the  buildings  on  the  surface  as  were  the 
palaces  beneath  the  sand  mounds  of  Assyria.  It  was  not  until 
1838  tiiat  any  attempt  was  made  to  explore  any  part  of  Palestine 
in  a  strictly  scientific  manner,  whether  with  reference  to  its  topo- 
graphy, archteology,  or  natural  phenomena.  In  that  year  the 
American  Dr  Bobinson,  in  company  with  the  missionary  Eli  Smith, 
made  his  first  Biblical  researches,  which  he  continued  in  1852. 
Whatever  may  be  our  opinion  of  the  value  of  Dr  Bobinaon's 
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archteoli^cal  theories,  he  lemainB  still  the  prince  of  Palestine  geO' 
giapheraiu  all  that  relates  to  general  topography;  and  in  many  cases 
where  hie  conclnsione  have  subsequently  been  tejected  as  unsound, 
his  reseaicbee  have  been  the  means  of  identifying  or  correcting  the 
positions  of  long  lost  sites.  He  vas  followed  in  1848  by  bis  coun- 
tryman, Commodore  Lynch,  whose  celebrated  expedition  down  the 
Jordan  and  upon  the  Dead  Sea  is  familiar  to  every  student.  In 
1851-52,  the  Duteh  officer,  C.  W.  M.  Van  de  Velde,  made  bis 
survey,  and  provided  for  us  the  first  accurate  map  of  modem  Pales- 
tine. His  work  has  been  the  basis  upon  which  moat  subsequent 
explorers  have  proceeded.  In  the  following  year,  Mr  Porter 
explored  the  wonderful  country  of  the  Hauran,  or  Bashan,  and 
revealed  to  us  many  of  its  ruined  cities.  In  these  regions  east  of 
Jordan  Mr  Cyril  O-raham  has  made  yet  mote  important  discoveries, 
which  he  has  published  chiefly  in  the  Transactions  of  the  Qeogra- 
phical  Society. 

Of  those  who  have  not  personally  visited  the  country,  one  writer, 
Carl  Bitter,  has  rendered  invaluable  service  by  his  exhaustive  work 
on  the  Comparative  Qeography  of  Palestine,  which  has  recently 
been  rendered  accessible  to  English  students  by  Mr  Qage's  transla- 
tion, published  by  Messrs  Clark,  and  which  is  almost  indispensable 
to  every  student  of  the  subject. 

The  Bev.  G.  Williams,  in  his  learned  work  "  The  Holy  City,"  is 
almost  the  only  writer  who  has  hitherto  devoted  both  learning, 
aiohsological  knowledge,  and  a  long  residence  in  the  Holy  City, 
to  the  elucidation  of  the  topography  of  ancient  Jerusalem  itself,  all 
other  writers  having  been  deficient  in  one  or  other  of  these  indis- 
pensable requisites  for  investigating  the  vexed  question  of  the 
sacred  sites. 

In  1864  the  Palestine  Exploration  Fund  was  commenced,  fot 
the  purpose  of  the  complete  and  thorough  exploration  of  the  Holy 
Land,  both  as  regards  its  archeaology,  topography,  manners  and 
customs,  geology,  and  natural  history.  It  is  perfectly  impossible 
for  ordinary  travellers  from  private  resources,  still  less  for  tourists, 
to  accomplish  these  great  objects,  especially  as  regards  archteology. 

Before  proceeding  to  other  branches  of  research,  I  will  endeavour 
shortly  to  explain  what  the  Palestine  Exploration  Fund  has  already 
acoomplisbed  in  the  examination  of  Jerusalem  itself. 
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III  1864-65,  Captain  WiUon,  B,E.,  completed  the  ordnance 
survey  of  Jeraealem,  at  the  coat  of  MisB  Bardett  Contte. 

In  December  1665,  Captain  Wilson  again  returned,  and  was  occu- 
pied nntil  the  fallowing  May  in  the  general  anrrej  of  the  country. 

Shortly  after  hie  return,  Lieatenant  Warren,  B.E.,  was  sent  out, 
and  has  been  devoting  himself  with  unwearied  dUigence  in  the 
exploration  of  auoient  Jerusalem,  as  well  as  to  the  aarrey  of  Qilead, 
Moafa,  and  Philiatia. 

We  may  claBsify  his  discoTeries  in  Jerusalem  itself  under  two 
heads — lat,  The  traces  of  ancient  walls  and  streets;  and  2d,  The 
ancient  water  supply  and  hidden  streams  of  the  city. 

The  main  key  to  the  topography  of  ancient  Jerusalem  is  the 
course  of  the  Tyrop<eon  valley,  frequent);  mentioned  by  Josephns, 
and  described  by  him  as  bisecting  the  city,  and  dividing  the  npper 
market,  or  Zion,  from  the  lower  market,  or  Akro.  Its  lower  end  has 
been  identified  by  all  ezplorers  as  coming  out  between  Uount  Zion 
and  Uoriah.  Bnt  the  whole  portion  of  it  within  the  walls,  which 
was  once  a  deep  depression  dividing  the  upper  city  from  the  lower 
and  from  the  Temple,  is  now  but  a  slight  depression,  and  in  places 
not  at  all  to  be  detected  on  the  surface.  Uore  than  any  other 
existing  city,  Jerusalem  has  been  whelmed  under  heaps  of  rubbish. 
Its  repeated  sieges  and  destmctions,  and  its  rebuilding  with  fresh 
material  from  the  inexhaustible  quarries  on  every  side,  have  com- 
pletely hidden  all  remains  of  the  city  of  Herod,  still  more  of  that 
of  Ezra  and  of  Solomon. 

Walls  and  gates  lie  law  beneath  the  accumulated  debris  of  cen- 
turies. Towers,  fortiti cations,  houses,  have  come  down  in  the  coarse 
of  ages,  and  the  old  ruin  has  always  been  taken  as  the  fonndation 
of  the  new  edifice.  Captain  Wifson  and  Lieutenant  Warren  have 
sunk  more  than  thirty  shafts  in  different  directions,  and  every- 
where, after  penetrating  through  many  feet  of  rubbish  and  ruin, 
they  have  found  old  foundations,  cisterns,  or  watercourses. 

At  the  sonth-west  corner  of  the  Temple  area,  a  shaft  has  been 
sunk  85  feet,  and  then  a  gallery  run  along,  which  shows  the 
bottom  of  the  valley  to  be  actually  116  feet  beneath  the  present 
surface,  at  the  point  known  as  Robinson's  arch. 

Jasephus  tells  us  of  a  magnificent  viaduct  acioss  the  Tyrop<»on, 
leading  from  the  Temple  area  to  Mount  Zion.    Dr  Bobinson  was 
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the  firet  to  detect  the  remaiiiB  of  this  viaduct,  la  three  stones,  evi- 
dently the  first  spring  of  an  arch,  near  the  south-west  corner  of  the 
Temple  area. 

This  seemed  to  place  the  site  of  the  Temple  at  this  aogle  of  the 
platform,  until  Captain  Wilson  discovered,  much  farther  to  the 
north,  near  to  the  Jews'  wailing- place,  another  arch  entire,  but 
buried  under  the  rubbish  on  which  the  modern  honsea  stand. 

Continuing  Captain  Wilson's  reaearches,  and  sinking  50  feet 
below  the  present  surface,  Mr  Warren  has  traced  thia  magnificent 
viaduct  by  the  remains  of  its  arches  right  across  the  chasm,  thus 
setting  this  question  for  ever  at  rest. 

Robinson's  arch  appears  to  have  been  a  single  arch,  probably  for 
the  purpose  of  supporting  a  gallery  alongside  of  the  Temple  wall. 

The  TyropoQOD,  moreover,  from  the  excavations  in  its  upper  part, 
proves  to  have  been  very  different  in  form  from  anything  hitherto 
supposed,  viz.,  tolerably  flat  for  the  greater  part  of  its  width,  with 
ample  space  for  a  lower  city,  as  described  by  Josephus,  and  sud- 
denly descending  close  below  the  Temple  wall  to  a  narrow  gallery 
of  great  depth.  Here  projected  Bobinson'a  arch,  the  pier  of  which 
seems  to  have  been  reached,  and  two  courses  of  huge  dressed  stone 
foupd  in  litu.  What  must  have  been  the  effect  to  one  standing 
on  the  pinnacle  of  the  Temple,  which  here  rose  to  a  height  of  150 
feet,  frum  a  platform  of  solid  masonry  150  feet  lower  down,  so  that 
he  looked  down  from  an  elevation  of  300  feet  sheer  into  the  valley 
beneath?  "  See  what  manner  of  stones  and  what  buildings  were 
here." 

Then,  again,  by  the  repeated  sinking  of  shafts  all  over  the 
surface  of  the  sloping  pier,  which  rune  down  from  the  Temple 
platform  to  the  fount  of  the  Virgin,  that  loVrer  hill  once  known  as 
Ophel,  and  an  important  suburb  of  the  city,  it  is  established  by 
actual  demonstration  that  the  south  wall  of  the  sacred  enclosure 
which  contained  the  Temple  is  buried  for  more  than  half  its  depth 
beneath  an  accumulation  of  rubbish,  probably  the  ruins  of  the  euc- 
ceesive  buildings  which  once  crowned  it,  and  that  if  bared  to  its 
foundation,  the  wall  would  present  an  unbroken  front  of  solid 
masonry  of  nearly  1000  feet  long  and  150  feet  in  height.  The  wall 
as  it  stands,  with  less  than  half  that  height  emerging  from  the 
ground,  has  always  been  regarded  as  a  marvel.     What  must  it 
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liave  been  whea  entirely  exposed  to  view  I  No  wonder  that  pro- 
phets sod  psalmists  should  have  rejoiced  in  the  "  walls  "  aod 
"  bulwarks  "  of  the  Temple,  and  that  Taoitus  should  have  described 
it  as  modo  areia  eonalru^atn.  ''  Walk  about  Zion,  and  go  round 
about  her ;  tell  the  towers  thereof.  Mark  ye  well  her  bulwarks,  con- 
sider her  palaces,  that  ye  may  tell  it  to  the  generations  following." 

Now,  as  the  lower  part  of  this  wall  is  manifestly  a  substratum, 
in  order  to  increase  the  platform  space  for  the  Temple  area,  which 
must  always  have  been  at  its  present  elevation,  that  of  the  Sahhra, 
or  central  rock,  the  question  naturally  arises  whether  there  are 
not  subterranean  chambers  beneath  those  already  known  and  de- 
scribed undemeatli  the  Akga.  Now,  beneath  the  Huldah  gate, 
in  the  south  wall  of  the  Haram,  is  an  ancient  double  passage  or 
tunnel.  At  the  north  end  of  this  ia  a  vaulted  chamber  17  feet 
square,  recently  discovered,  but  further  than  this  no  explorations 
have  yet  been  made. 

To  proceed  to  the  south.  The  wall  of  Ophel  has  been  discovered 
abutting  on  that  of  the  Temple  area  at  the  south-east,  and  has  been 
traced  300  feet  from  the  Horam  area  to  the  south.  A  tower  has  been 
discovered,  a  face  of  29  feet  6  inches  projecting  about  8  feet  beyond 
the  wall,  built  by  Jotham,  king  of  Judah  (2  Chron.  xxvii.  3). 
The  bases  on  which  the  piers  of  the  arches  of  the  substructure  rest 
on  this  point  are  60  feet  above  the  rock,  and  it  is  likely  there  is 
another  system  of  older  arches  underneath  those  visible  at  present. 
The  courses  of  this  south  wall  are  from  3  feet  3  Inches  to  4  feet  in 
height ;  ^nd  20  feet  below  the  surface  of  the  Haram  walls,  or  60  feet 
below  the  area  of  the  Haram,  has  been  found  a  passage  from  12 
to  16  feet  high,  and  in  it  the  oheck  where  a  metal  gate  was  swung, 
and  the  marks  of  its  abrasion  on  the  stones. 

In  the  double  passage  is  what  is  called  the  "  Well  of  the  Leaf," 
at  the  bottom  of  which  was  found  a  curious  arch  of  tiles,  perhaps 
an  outlet  to  some  subterranean  flow  of  water. 

Lieutenant  Warren  is  inclined  to  doubt  that  the  masonry  west  of 
Robinson's  arcb  was  a  pier,  as  the  ancient  masonry  is  not  in  keeping 
with  the  Haram  wall.  It  is  16  feet  above  the  rock,  and  the  re- 
mains of  a  house  rest  on  the  top  of  the  wall.  The  pier  itself  is 
12  feet  2  inches  thick,  and  the  distance  to  the  Haram  wall  41  feet 
6  inches. 
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Higher  np,  noder  Wilsoo'e  atcb,  the  depth  of  the  shaft  till  the 
rock  is  reached  is  53  feet.  At  50  feet  9  incheB  the  base  course  of 
the  Haram  wall  ie  let  into  the  rock,  and  the  epan  of  the  arches  is 
within  6  inches  the  same  as  that  of  Bohinson's  arch. 

In  the  centre  of  the  city  the  accumulation  of  debris  is  scarcely 
lees.  In  Muristan  the  shaft  was  sank  70  feet  before  the  rock  was 
reached ;  and  some  years  since  the  foundation  for  the  English 
Church  on  Mount  Zion  was  sunk  for  to  a  depth  of  40  feet,  when 
the  arch  of  an  old  aqueduct  was  struck. 

When,  however,  we  get  to  the  north  at  the  Damascas  gate,  we 
find  the  foundation  of  the  old  wall  outside  it  10^  feet  thick,  only 
3  feet  beneath  the  present  roadway,  which,  it  must  be  noted,  is 
sunk  many  feet  beneath  the  surrounding  heaps.  At  the  foot  of 
this  wall,  which  is  very  unlike  the  Temple  walls  in  masoniy,  a 
Templar's  cross  was  found,  and  it  is  probably  the  Crusaders'  wall, 
destroyed  when  they  were  compelled  to  leave  the  city. 

We  next  come  to  the  water  supply. 

The  most  distant  aswell  as  the  most  important  source  of  the  supply 
are  Solomon's  pools  at  Etbam,  near  Bethlehem,  now  called  £1  Burak. 
I'hese  three  artificial  tanks  are  well  knonn,  being  respectively  380, 
42S,  and  582  feet  in  length,  236  feet  wide,  and  from  26  to  50  feet 
deep.  They  are  supplied  from  a  subterranean  fountain,  "  the  sealed 
fountain,"  three-quarters  of  a  mile  to  the  north-west;  from  which  a 
subterranean  passage,  leading  to  the  pools  of  Solomon,  has  been  ex- 
plored by  Lieutenant  Warren.  In  the  course  of  his  researches  he  has 
met  with  traces  which  lead  to  the  belief  that  there  is  another  sealed 
fountain  yet  to  he  discovered  to  the  south-east,  which  contributes 
tc  the  supply  of  the  pools,  at  the  head  of  which  is  a  spring  or  out- 
flow, carefully  concealed  in  the  rook,  from  which  the  water  rushes 
to  the  upper  pool.  There  are  two  lines  of  aqueduct  at  different 
levels,  the  higher  one  now  in  ruins,  from  these  cisterns  to  Beth- 
lehem and  Jerusalem.  The  lower  level  aqueduct,  in  which  water 
still  flows,  follows  the  windings  of  the  hill  sides  by  Bethlehem 
to  the  valley  of  Hinnom,  which  it  crosses  upon  nine  low  arches 
above  the  lower  pool  of  G-ihon.  From  hence  it  sweeps  round  the 
southern  brow  of  Zion,  and  enters  the  city  on  the  side  above  the 
Tyropoeon,  where  it  can  be  traced  for  a  short  distance,  partly  hewn 
in  the  rock,  and  partly  supported  on  masonry  against  the  aide  of 
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the  oliff.  It  enters  the  Hacam  at  the  gates  of  the  Cham.  Just 
ontside  of  this  gate  is  a  large  enbtoiraDeau  cistern,  84  by  42 
feet,  and  24  feet  deep,  doabtless  supplied  in  olden  times  by  this 
aqnednct.  Again,  near  the  Fonntain  gate,  is  a  tank  of  enormona 
dimensions,  which  is  within  a  few  feet  of  the  aqnoduct,  which 
GOnM  easily  fill  it.  {Burg  ai  Eibreyt.') 

Bnt  this  was  not  the  only  supply  of  water  on  which  JerDsalem 
had  to  depend.  In  all  the  history  of  its  sieges,  there  is  not  any 
allnaion  to  the  inhabitants  suffering  from  tbirst  All  confirms  the 
truth  of  Strabo's  woide— frrot  fuv  tSsSpon,  Juror  Si  nxuriXuc  Sajnjpov. 

There  is  first  the  upper  pool  of  Gl-ihon,  spoken  of  by  Isaiah,  who 
went  forth  to  meet  Ahaz  at  the  end  of  the  conduit  of  the  tipper 
pool  in  the  highway  of  the  fuller's  field.  We  also  read  that 
Hezekiah  slopped  the  upper  outflow  of  the  waters  of  Gihon,  and 
brought  it  down  to  the  weet  side  of  the  city  of  David.  Hrae,  too, 
Rabehakeh  stood  when  he  delivered  the  insolent  message  of  his 
master  the  king  of  Assyria. 

The  lower  pool  of  Qihon  is  also  mentioned  by  Isaiah  (zxii.  9) : 
"  Ye  gathered  together  the  waters  of  the  lower  pool." 

There  is  next  the  vast  system  of  tanks  by  the/oiw  of  Antonia, 
north  of  the  temple  area,  the  pool  of  Bethesda,  connected  with  the 
enormous  system  of  tanks  under  the  Haram  area,  ho  far  as  we  can 
conjecture.  Then  there  is  the  pool  of  Hezekiah,  close  to  Muristan, 
which  probably  supplied  Akra,  or  the  lower  city.  This  was  pro- 
bably fed  by  the  outflow  from  the  aqnednct  from  the  pool  of  Q-ibon 
after  supplying  the  city  of  David.  It  is  mentioned  in  2  Cbron. 
xxxiL  30,  that  Hezekiah  stopped  the  upper  outflow  of  the  waters 
of  Oihon,  and  brought  it  straight  down  to  the  west  side  of  the 
city  of  David.  And  in  expectation  of  the  siege  by  Sennacherib, 
"  he  took  counsel  with  his  princes  and  his  mighty  men  to  stop  the 
waters  of  the  fountain  which  were  without  the  cily.  ...  So  there 
was  gathered  much  people  together  who  stopped  all  the  fouDtains 
and  the  brook  that  ran  through  the  midst  of  the  land,  saying,  Why 
should  the  king  of  Assyria  come  and  find  much  water  ?" 

We  have  not  yet  discovered  these  hidden  sources,  but  Lieutenant 
Warren  has  explored  at  Lifta  (Nephtoah  t),  two  miles  north-west  of 
Jerusalem,  a  perpendicular  chasm  155  feet  deep,  through  which 
water  constantly  dntins  and  runs  out  of  sight  at  once,  which  cleft 
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he  thinkB  partially  artificial,  and  connected  with  a  Bimilai  cleR  be 
examined  near  the  Bneeian  buildioge  north  of  the  pool  of  Gihon 
and  oloee  to  it. 

Underneath  the  temple  area  ie  a  vast  aystem  of  caverns,  one  of 
which,  "  the  eea,"  deeerres  the  name  of  a  beantifnl  subterranean 
lake,  while  the  whole  hill  ie  pierced  by  wells,  and  honeycombed  by 
rook-hewD  cistertia. 

To  the  west  of  the  temple  is  the  Batb  of  Healing  (Hiimmsm  eeh 
Shefa),  where  there  is  a  series  of  vaulted  cieterns,  with  paEsages 
and  deep  wells,  from  which  the  water  rises. 

Below  Opfael  is  the  Fonntain  of  the  Virgin,  celebrated  for  its 
irregular  and  uncertain  flow,  and  which  appears  to  be  fed  from 
some  outflow  underneath  Mount  Moriah.  Hence  is  a  subterranean 
cliannel  leading  to  the  pool  of  Siloam,  which  has  been  explored, 
and  another  strange  tunnel  discovered  by  Lieutenant  Warren,  con- 
necting it  with  a  vast  tank. 

Siloah,  mentioned  in  Scripture  as  by  the  king's  gardens,  has 
again  a  subterranean  connection  with  En  Rogel  or  Bir  Eynb,  Joab's 
Fountain,  discovered  by  Lieutenant  Warren,  while  this  too  appears 
to  have  bad  a  yet  further  extension  by  a  second  hidden  channel  to 
the  south.  500  yards  below  Bir  Eynb,  Lieutenant  Warren  opened 
a  spring,  and  at  a  depth  of  12  feet  a  stone  suddenly  rolled  away,  and 
revealed  a  staircase,  about  25  feet  deep,  and  at  the  bottom,  passages 
leading  north  and  south.  Steps  and  passages  are  cut  in  the  rock ; 
the  latter  are  about  6  feet  high,  and  may  have  been  for  the  purpose 
of  leading  off  the  Jerusalem  waters  out  of  the  reach  of  an  enemy 
invading  the  city.  The  passage  north  has  been  explored  for  107 
feet,  and  is  full  of  silt  without  stones. 

Then  again,  under  the  Well  of  the  Leaf,  beneath  the  Haram, 
are  ducts  discovered,  plainly  leading  to  some  yet  undiscovered 
cisterns. 

Again,  at  the  upper  end  of  the  Tyropison  valley,  Lieutenant 
Warren  has  discovered,  at  the  bottom  of  a  shaft  of  50  feet,  a  drain 
with  a  stream  of  sweet  water  running  through  it  with  a  constant 
flow,  not  from  the  baths,  nor  yet  from  the  aqueduct  of  Solomon's 
Poole,  but  which  must  he  from  a  spring  at  the  head  of  the  valley 
within  the  city. 

At  the  south-east  of  the  canaculuta  he  has  discovered,  60  feet 
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above  the  level  of  the  present  aquednot,  what  is  do  doaht  the 
lemaiDS  of  Solomon's  origiDal  aqueduct  from  the  pools  of  Etam. 
This  he  has  penetrated  250  feet  in  one  direction,  and  2&0  in  the 
other.  Often  the  explorer  bad  to  wriggle  through  lying  on  his 
back,  at  others  to  ciawl  on  hands  and  kneea.  In  parts  it  is  bnilt  of 
masonry,  in  parts  cnt  oat  of  solid  rock,  and  generally  of  a  semi- 
cylindrical  shape }  but  in  many  parts  it  has  the  peculiar  shoulders 
only  before  noticed  under  the  triple  gateway,  and  recently  dis- 
covered also  in  the  channel  leading  to  Tekoah  from  Etam,  almost 
certainly  Solomonic  in  date.  In  part  of  the  passage  he  could 
stand  upright,  it  being  10  or  12  feet  high,  with  the  remains  of  two 
sets  of  stones  for  covering,  as  shown  in  Hr  Piazsi  Smyth's  work  on 
the  Gtreat  Pyramid ;  the  stones  at  the  sides  being  of  great  size,  13 
feet  by  6.  This  channel  cannot  be  bo  late  as  the  Boman  period ; 
it  is  evidently  of  the  most  ancient  coostmction.  It  is  built  in  little 
Spaces,  as  if  the  work  had  been  commenced  at  two  or  three  points, 
and  had  not  been  directed  properly.  The  plaster  is  still  in  good 
preservation.  This  channel  must  have  been  of  great  consequence, 
both  from  the  distance  it  is  driven  under  ground,  and  from  the 
well-cnt  shafts  which  lead  to  it.  The  main  supply  of  Jerusalem 
was  probably  obtained  by  it,  as  it  is  perfectly  concealed  from  any 


In  the  Uoristan  a  system  of  tanks  has  been  discovered  63  feet 
below  the  eurface.  Four  have  already  been  esamined,  from  50  to 
68feet  long  audi?  feet  wide,  with  aflight  of  twenty-five  steps  down 
the  side,  with  water  in  some,  bard  mud  in  others,  and  the  plaster  as 
fresh  and  impervious  to  water  as  if  just  construoted. 

Host  interesting  have  been  the  explorations  of  the  Virgin's 
Foonttdn  under  Opbel.  Lieutenant  Warren  discovered  in  the 
channel  from  this  fountain  a  passage  branching  from  that  to  Siloam 
of  the  most  extraordinary  character.  For  60  feet  the  tunnel  mns. 
Then  for  17  feet  mote  is  the  new  passage,  opening  upon  a  shaft 
6  feet  by  i,  and  42  feet  high,  to  the  landing  in  a  wide  cave  some 
30  feet  high  in  its  slope.  After  creeping  along  for  40  feet,  a 
passt^  was  discovered  6  feet  wide,  and  from  3  to  4  feet  high,  cut 
in  form  of  a  depressed  aroh  out  of  rocks.  After  following  this  for 
40  feet  more,  a  wall  of  rough  masonry  was  found  across  it.  From 
this  wall  the  passage  rises  at  an  angle  of  45°,  still  cut  as  before 

VOL.  VI.  2  o 


n,gti7cd  ay  Google 


280  Proceedings  of  the  Royal  Society 

ont  of  rock,  with  toe  holes  cut  in  it.  Fifty  feet  up  there  is  anothei 
wall  of  rough  moaoniy,  opeDing  into  a  vaulted  chamber,  with  a 
de§cent  of  20  feet  from  the  opening,  and  at  the  bottom  a  smaller 
one  8  feet  deeper,  with  a  passage  blocked  up,  which  haa  not  jet 
been  explored.  In  the  horizontal  part  of  the  paseage  were  found 
curious  antique  glass  lamps,  water  jars,  a  little  pile  of  charcoal  as 
if  for  cooking,  and  a  cooking-dish  glazed  inside.  Evidently  this 
had  been  used  as  a  refuge.  Overhanging  the  abaft  was  an  iiou 
ring,  to  which  a  rope  might  have  been  attached  for  hanlingup  water. 

Lieutenant  Warren  coneiders  that  which  has  usually  been  held 
to  be  the  aqueduct  from  the  Temple  to  the  Virgin's  Fount,  to  have 
been  rather  an  aqueduct  for  the  supply  of  Ophel,  as  evidenced  by  a 
shaft  and  draw-well. 

While  exploring  the  tunnel  between  the  Virgin's  Fount  and 
Siloam,  the  same  gurgling  sound  of  water  was  heard  which  has 
been  noticed  by  others ;  but  the  hidden  channel,  which  has  thus 
been  detected  by  sound  at  intervals  from  the  Damascus  gate  to 
Siloam,  yet  remains  to  he  revealed. 

Now,  fragmentary  as  all  these  discoveries  are,  they  indicate  an 
amount  of  ancient  remains  below  the  euiface,  which  cannot  but 
excite  our  hopes,  and  stimulate  ne  to  strain  every  nerve  to  lay  bare 
such  interesting  relics.  We  may  find  but  little  yet  to  throw  direct 
light  on  the  lives  we  so  cherish,  and  any  detail  of  which  we  so 
dearly  prize.  True,  but  it  must  he  recollected  that  the  exploration 
in  Jerusalem  is  at  present  in  the  condition  of  a  puzzle  or  joining 
map,  of  which  only  half  a  dozen  pieoea  are  found  out  of  sixty  or 
seventy.  Find  the  others,  and  the  whole  can  he  put  together,  and 
will  then  he  intelligible  enough.  Extend  to  the  other  parts  of  the 
city  the  researches  here  begun,  and  the  sites  of  the  Temple,  of  the 
Tombs  of  the  Kings  of  Judab,  of  the  Holy  Sepulchre,  of  the  Fool 
of  Betheada,  will  be  problems  no  longer. 

As  Mr  G-rove  remarks  "  as  I  read  Lieutenant  Wanen'e  accounts, 
I  seem  to  feel  the  ancient  city  within  my  grasp,  to  know  for  a  cer- 
tainty that  its  very  houses,  and  streets,  and  water- courses,  all  the 
aucient  life  of  its  structures,  its  hills  and  its  ravines,  are  lying 
buried,  like  some  enchanted  person,  beneath  that  singular  and 
solemn  tomb.  The  cliff  (saye  Dean  Stanley)  which  Joab  climbed, 
the  streets  which  David  trod,  and  along  which  Athaliah  was  hurried, 
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the  oatooomba  of  the  kings  of  Jndah,  the  very  Via  Dolorosa  itself, 
of  vhich  Dot  evea  the  shadow  of  a  likeaesB  can  be  fonod  in  the 
npper  air  of  the  modem  city— all  these  are  doubtless  there.  Wher- 
ever we  probe,  go  deep  enough,  and  we  oome  on  some  solid  sub- 
stance of  carioQB  and  ancient  kind,  A  stone  suddenly  rolls  ava; 
and  reveals  staircases,  paBHagee,  aabteiranean  halla  in  the  heart  of 
the  rock,  leading  to  who  knows  what  lepositories  of  treasure.  Ad 
almost  invisible  crevice  in  the  hill  turns  oat  to  be  an  enchanted 
cave,  150  feet  deep,  containing  perhaps  the  hidden  fountain  of  the 
water  snppl;  of  Jerusalem." 

But  outside  Jemsalem  how  much  remains  for  ua  to  learn  I  In 
the  valley  of  the  Kedron,  Lieutenant  Warren  has  sunk  for  50  feet 
through  debris  ^;ain  and  again,  witbont  meeting  the  native  rock. 
He  is  inclined  to  betieve  the  tradition  of  the  Hishna  respecting 
the  bridge  of  the  red  heifer,  and  is  now  Bearching  for  the  founda- 
tions of  the  arches  or  pillars,  as  it  will  probably  prove  to  have  been 
a  pier  bridge,  if  it  really  existed. 

Of  archeeological  researches  in  other  parts  of  the  country  there 
is  little  to  be  noticed.  The  few  examinations  which  have  hither- 
to been  made  here  and  there  all  encourage  us  to  hope  for  a  rich 
harvest  wherever  the  work  shall  be  systematically  undertaken. 
Thus  Captain  Wilson's  exposure  of  the  ancient  synagogues  of 
Cf^roanm  has,  with  a  very  trifling  amount  of  excavation,  revealed 
to  us  the  extent  and  magnificence  of  an  edifice  associated  in  our 
minds  with  events  scarcely  less  deeply  interesting  than  those  which 
cluster  round  the  temple  of  Jerusalem.  The  remains  of  Seileon 
(Shiloh),  Samaria,  Gerizim,  the  cities  of  the  Philistines,  Beisan, 
(Bethsbean),  Heshbon,  Rabbath-Ammon,  all  by  their  extent  and 
interest  invite  careful  exploration. 

Id  physical  research,  much  too  has  recently  been  accomplished. 
It  is  only  within  the  last  four  years  that  we  have  become  aware  of 
the  wonderful  variety  of  the  physical  phenomena  of  Palestine,  of 
the  very  interesting  geological  record  contained  in  the  region  eui- 
rounding  the  Jordan  valley,  and  especially  of  the  unique  fauna  and 
Bora  confined  within  the  narrow  limits  of  the  cliffs  which  overhang 
the  Dead  Sea.  There,  in  a  depression  1300  feet  below  the  level  of 
the  Uediterraneau,  we  find  an  almost  tropical  fauna  and  flora, 
containing  a  few  Indian,  many  Abyssinian,  and  several  peculiai 
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and  niiiqae  species  in  all  the  different  forme  of  life,  which  moke,  in 
fact,  a  tropical  o^lUr,  just  as  the  tope  of  the  mountaiDs,  10,000  feet 
high,  supply  as  in  their  botany  with  boreal  outliem.  Not  the  least 
intereating  fact  ascertained  is  the  peculiar  character  of  the  fishes 
of  the  Sea  of  Galilee  and  the  Jordan,  many  of  which  are  peculiar, 
some  Nilotic ;  but  whether  peculiar  or  African,  exhibiting  remark- 
able afSnitiea  with  the  African  forms  of  the  entire  and  central 
lakes  as  far  aoath  as  the  Nyanza  and  the  Zambesi  river;  and 
pointing  to  a  time,  perhaps  at  the  close  of  the  Uiocene  period, 
when  this  depressiun  formed  the  northernmcrat  of  a  long  chain  of 
fresh-water  lakes,  extending  as  far  os  sontfa-eaat  Africa. 

The  foUowiug  Qeiitlemen  were  elected  Fellows  ol   the 
Society : — 

J.  W.  Laidlaw.  Esq. 

W.  WlLLIAHS,  E<q. 


Monday,  17M  February  1868. 

PaoFBSsoR  PLAYFAIR,  C.B.,  Vice-President,  in  the 
Chair. 

The  Chairman  said — (Gentlemen,  before  beginning  the  bnsiDess 
of  this  meeting,  I  wish  to  refer  to  the  lamented  death  of  two  of  the 
office-hearers  of  this  Society.  Dr  Burt,  a  member  of  our  Council, 
was  well  known  as  a  public-spirited  citizen,  who  had  long  usefully 
devoted  himself  to  the  development  of  our  institutions,  and  who, 
by  his  genial  disposition  and  honesty  of  character,  endeared  him* 
self  to  all  those  who  enjoyed  his  acqnaintance.  The  other  loss  has 
had  a  more  marked  relation  to  us,  becaase  in  the  death  of  Sir 
David  Brewster  this  Society  has  lost  its  President,  and  this  country 
one  of  her  most  distinguished  philosophers.  This  is  not  the  time 
to  refer  to  the  benefits  whioh  Sir  David  Brewster  has  bestowed 
upon  Boienoe.  These  have  been  so  numerous  and  important  that 
we  may  expect  a  special  evening  to  be  devoted  to  this  considera- 
tion. If  Professor  Tait,  who  is  so  capable  to  do  justice  to  the 
merits  of  his  deceased  friend,  were  to  undertake  this  subject,  I  am 
sure  the  Boyal  Society  would  hail  with  pleasure  the  announcement 
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o£  hU  iatention.  Such  a  record  of  tbe  achievemeDtB  of  a  great 
philosopher  haa  a  much  higher  purpose  than  that  of  an  &1(^,  for 
while  they  become  laDdmarks  in  the  progreaa  of  science  over  new 
and  untrodden  paths,  they  indicate  the  methods  by  which  fnrthei 
progreas  is  to  be  attained.  Sir  David  Brewster  entered  this  Society 
so  loDg  ago  as  1808,  and  has  been  a  constant  contributor  to  its 
Transactions.  It  is  worthy  of  notice  that  in  the  year  1808  the 
three  candidates  who  became  Fellows  of  the  Society  were,  James 
Wardrop,  snrgeon,  now  in  London,  David  Brewster,  and  Hnmpbry 
Davy.  Id  annouDcing  to  us  at  the  opening  of  the  session  the 
death  of  Faraday,  Sir  David  said  that  there  waa  only  odo  person 
living  who  had,  like  Faraday,  taken  all  the  medals  of  the  Ri^al 
Society  of  London — the  Copley,  Bumford,  and  Boyal  medals. 
There  is  no  one  living  now  to  claim  this  high  bononi,  for  the 
"one"  so  modestly  hinted  at  was  himself.  In  Brewster  and 
Faraday  the  nation  has  suffered  a  heavy  loss.  Both  were  great 
philosophers  and  ardent  Chiislians.  We  point  to  them  as  con- 
clusive proofs  that  science  and  infidelity  are  not  akin.  I  dare  not 
tmst  myself  to  speak  of  the  last  days  of  Brewster.  The  perfect 
calmness  and  kindly  consideration  with  which  he  wrote  farewell 
letters  to  the  public  bodies  which  had  hononred  themselves  by 
bononring  him  during  life,  were  perhaps  to  have  been  looked  for 
in  <me  who  viewed  death  as  a  means  of  attaining  a  higher  and 
purer  knowledge  of  God  and  of  His  works.  But  it  is  given  to  few 
men  to  possess  their  mental  faculties  unclouded  to  the  last.  A 
week  before  his  death  I  had  a  long  letter  in  his  own  handwriting, 
showing  the  liveliest  interest  in  tbe  affairs  of  the  University,  and 
in  some  optical  discoveries  regarding  which  he  frequently  corre- 
sponded with  me.  A  few  days  after,  while  bis  mind  was  still  clear, 
but  his  bodily  frame  weaker,  he  dictated  a  letter  to  the  Council  of 
this  Society,  in  which  he  took  a  touching  leave  of  bis  old  associates 
and  of  the  Society  itself,  and  left  to  it,  as  a  precious  legacy,  a  re- 
search, nearly  completed,  which  formed  the  death-bed  study  of  the 
old  philosopher.  I  am  sure  that  the  Society  would  not  have 
wished  to  commence  the  business  of  this  evening  without  some 
allueioD  to  the  death  of  their  venerable  President,  and  without 
some  expression  of  sympathy  with  his  widow  and  family.  I  there- 
fore invite,  from  the  body  of  the  Society,  a  resolution  which  will 
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reoord  the  aensa  of  oui  own  sorrow,  aod  of  our  strong  sympathy 
with  that  deeper  personal  affliction  which  is  felt  by  the  widow  and 
children  of  so  great  and  good  a  man. 

Piofeesor  Sir  Jamee  T.  Simpson  moved  the  following  reeolntioo, 
which  was  seconded  by  Thomas  Stevenson,  Esq.,  and  unanimously 
adopted : — 

"  Ihe  Boyal  Society  of  Edinburgh  hereby  record  their  deep  sense 
of  the  great  loss  which  the  Society  have  Rustained  by  the  death  or 
tbeii  late  venerable  and  esteemed  Preaident,  Sir  David  Brewster. 

"  Early  in  life  an  earnest  worker  and  a  liappy  discoverer  in  some 
of  the  most  recondite  fields  of  physical  knowledge,  Sir  David 
Brewster  has,  during  the  last  sixty  and  more  years,  continued  with 
ceaseless  energy  to  pour  into  the  contemporary  stream  of  science 
and  literature  a  series  of  contributions  of  rare  excellence  and 
originality.  At  last  he  has  passed  from  among  us,  as  ripe  in  fame 
aa  in  years;  for  he  has  reaped  all  the  highest  academic  and  other 
distinctions,  bath  domestic  aud  foreign,  which  a  British  philosopher 
can  possibly  win,  and  iu  his  obosen  departments  of  research  be  has 
left  behind  him  no  name  more  illustrious  than  bis  own. 

"  The  Society  further  resolve  to  send  a  copy  of  this  minute  to 
Lady  Brewster  and  the  other  members  of  Sir  David  Brewster's 
family,  at  the  same  time  expessing  their  sincere  sympathy  with 
them  in  their  late  bereavement." 

The  following  Communications  were  read : — 

1.  Observations  relative  to  tlie  Desireablencss  of  Transport- 
ing from  Alexandria  to  Britain  the  prostrate  Obelisk 
presented  to  George  IV.  by  Mahomed  Ali  Pacha.  By 
Colonel  Sir  J.  E.  Alexander,  K.C.L.S. 

In  the  month  of  September  last  (1867),  when  visiting  the  Ctreat 
Exhibition  in  Paris,  I  was  particularly  struck  with  the  fine  appear- 
ance of  the  obelisk  of  Lnxor  in  the  Place  de  la  Concorde,  and  I 
thought  that  as  the  French  bad  taken  the  tronble  and  gone  to  the 
expense  of  moving  this  highly  interesting  monolith,  it  was  a  re- 
flection on  our  nation  and  on  the  engineering  skill  of  Britain  that 
the  prostrate  obelisk  at  Alexandria  (one  of  Cleopatra's  needles,  as  it 
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ia  commonly  termed),  was  not  occupyiog  a  place  of  honooi  in 
England  or  Scotland. 

This  obelisk  was  presented  to  George  lY.  many  years  ago  by 
Uahomed  Ali  Pacha,  who  also  generonsly  offered  to  move  it  on 
rollers  to  the  sea,  from  which  it  is  200  or  300  yards  distant,  and 
embarking  it  on  rafts  and  lighters,  convey  it  to  a  vessel  for  trans- 
port to  England. 

The  state  of  public  affairs  at  the  time,  perhaps,  prcTcnted  tbe 
accomplisbment  of  this  enterprise;  now  the  time  may  be  more 
favourable  for  it. 

Sir  Gfardiner  Wilkinson  and  other  writers  on  Egypt  and  its 
antiquities  are  of  opinion  that  Cleopatra's  needles  (one  of  which  is 
upright)  were  broaght  by  one  of  the  Ptolemies  from  Heliopolis, 
near  Cairo,  to  decorate  a  palace  at  Alexandria.  On  the  obeliske 
appear  the  names  of  Thomes  III.  (b.o.  1463),  of  Bemesee  the 
Qreat,  and  of  Oserei  II.  (b.o.  1232),  long  before  Cleopatra's  time. 
Sandys,who  travelled  in  1610,  calls  the  prostrate  obelisk  "Pharaoh's 
needle,"  and  says  "it  is  half-bnried  in  Tubbish."  It  is  of  red 
granite,  and,  looking  down  a  bole,  its  top  is  seen  with  crowned 
hawks  sculptured  on  it.  Lord  Nugent,  writing  in  1645,  says  the 
hieroglyphics  on  three  sides  aie  well  preserved.  Colonel  Ayton,  of 
H.U.  Bombay  Engineers,  informed  me  that  whilst  in  Sgypt  in 
1862,  and  whilst  there  was  an  idea  of  a  memorial  for  Prince  Albert 
first  started,  Mr  Clark,  of  the  telegraph  department,  uncovered  the 
prostrate  obelisk,  removed  the  sand  and  rubbish  from  it,  found  the 
hieroglyphics  on  three  sides  in  good  preservation,  and,  as  the 
obelisk  was  not  then  wanted,  he  covered  it  np  again. 

This  obelisk,  with  others,  is  well  ascertained  to  have  been 
quarried  at  Syene,  at  the  extreme  boundary  of  Upper  Egypt.  It 
is  not  easy  to  find  out  how  the  hieroglyphics  were  graven  on  snch 
a  hard  surface,  and  what  was  the  [ffoceea  of  hardening  the  bronze 
tools  used  for  this  purpose.  The  Uessrs  Macdonald  of  Aberdeen, 
and  other  workers  in  granite  in  this  country,  might  be  able  to  ex- 
plain this:  possiblythe  assistance  of  emerypowder  was  brought  in. 

Denon  alludes  to  Cleopatra's  needles,  and  says  they  might 
be  moved  without  difficulty,  and  form  interesting  trophies.  To 
remove  works  of  art  from  countries  where  they  form  ornaments 
anA  are  conspicuous  objects  of  interest  is  quite  unworthy  of  a  great 
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people ;  but  the  obelisk  in  queetion  iiee  in  dishononi  among  low 
huts  in  the  ontakirtB  of  Alexandria,  and  might  well  be  spared  to 
ornameDt  oae  of  our  capital  citise.  In  a  conToisation  with  Mi 
David  Laing,  the  well-known  antiqnaiy,  about  it,  he  suggested 
the  open  apace  in  front  of  the  British  Museum  as  the  most  appro- 
priate for  it.  Still,  it  might  not  be  sufficiently  seen  there— further 
west  might  be  better,  or  in  our  Charlotte  Square. 

I  corresponded  with  Mr  Newton,  the  keeper  of  antiquitiea,  British 
Uusenm,  about  the  obelisk,  and  he  writes — "  It  seems  to  me  that 
if,  by  publio  subscription,  a  sufficient  sum  could  be  raised  to  trans- 
port this  obelisk  to  England,  it  would  be  a  just  matter  of  national 
satisfaction;  but  jou  will  understand  that,  while  this  may  be  a 
case  fully  justifying  an  appe^  to  the  public  for  a  Bubecription,  it 
may  not  be  one  sufficiently  strong  to  justify  the  tmstees  and  officers 
of  the  British  Museum  in  moving  in  the  matter  officially,  because 
we  have  to  make  so  many  applications  to  the  Treasury  for  grants 
for  ozcavations,  i&c." 

I  communicated  with  the  Peninsular  and  Oriental  Steam  Navi- 
gation Company  regarding  the  means  of  transpoiting  the  obelisk, 
and  the  secretary  for  the  managing  directors  states — "  We  would 
beg  to  suggest  that  the  matter  should  be  referred  by  you  to  the 
Foreign  Office,  whose  agents  have  made  all  the  necessary  calcula- 
tions on  the  subject,  and  without  whose  permission  nothing  could 
be  done." 

The  Foreign  Office  was  accordingly  communicated  with,  and  an 
answer  was  returned  that  the  matter  is  now  under  the  consideration 
of  Lord  Stanley. 

The  eminent  civil  engineer.  Professor  Macquom  Bankine,  was 
asked  what  he  thought  of  the  means  of  transporting  the  obelisk, 
and  he  said — "  I  regret  I  cannot  form  any  opinion  whatsoever  as  to 
the  beat  way  of  transporting  the  obelisk  without  having  detailed 
information  which,  I  believe,  1  could  not  obtain  except  by  visiting 
the  spot  where  it  lies.  The  subject  is  undoubtedly  one  of  very 
great  interest,  and  I  should  very  much  like  to  be  present  when  it 
is  discussed." 

In  the  Boyal  United  Service  Institution,  London,  I  found  thir- 
teen large  plans,  carefully  drawn,  illustrating  how,  by  means  of 
inclined  planes,  a  flat-bottomed  vessel,  machinery  for  raising  the 
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obelisk  od  a  pedestal,  &c.,  it  could  bo  sent  to  and  eet  up  id 
Bogland.  These  place  are  supposed  to  bave  been  prepared  in  1820 
by  Captain  Bosvrell,  R.N.,  for  the  Goveniineiit,  but  no  action  nae 
then  takea  in  the  matter. 

It  appears  to  me  (having  studied  and  been  employed  formerly  as 
an  engineer)  that  there  might  be  no  need  for  a  vesBel  being  built  on 
purpoee  to  carry  the  obelisk.  A  large  Clyde  lighter,  raised  upon, 
might  transport  it  across  the  Bay  of  Biscay  in  summer ;  or  if  an  old 
ship,  sufficiently  seaworthy,  is  got,  and  the  masts  taken  out  of  her, 
and  the  beams  cut  across,  the  obelisk  might  be  taken  alongside, 
raised,  and  lowered  into  her,  iron  beams  being  ready,  with  bolts 
and  screws,  to  connect  and  secure  the  cut  beams  of  the  vessel ;  tlien 
towed  by  a  steamer  to  England.  Once  there,  little  difBculty  would 
ensue  before  it  occupied  a  place  of  distinction ;  but  not  necessarily 
on  a  pedestal,  which  would  change  its  original  character  through 
giving  it  additional  height.  It  is  64  feet  long,  weighs  284  tons, 
and  is  7  to  8  feet  square  at  the  base  of  the  shaft. 

I  understand  that  in  an  apartment  in  the  Louvre  part  of  the 
machinery  b  preserved  by  means  of  which  the  transport  of  the 
French  obelisk  was  effected.  This  coald  be  seen,  or  even  lent  to 
assist  OUT  engineers,  and  save  heavy  costs ;  and  this  need  not  be 
lieavy,  unless  with  gross  mismanagement  and  a  mere  job  made  of  it. 
Honestly  gone  about,  the  cost  would  be  moderate. 

Lord  Stanley  wrote  me  that  he  was  not  aware  that  the  Parlia- 
ment would  vote  a  sum  of  money  to  move  the  obelisk.  This  might 
be  asked,  however. 

I  quite  concur  with  Professor  Piazzi  Smyth  in  denouncing  the 
barbarism  of  breaking  off  pieces  of  and  carrying  away  Egyptian 
antiques;  but  I  think  we  might  remove  the  prostrate  obelisk 
hidden  and  buried  in  the  sand,  leaving,  of  course,  the  twin  obelisk 
set  np  in  its  place,  and  always  most  interesting  as  a  "  Cleopatra's 
needle."  The  prostrate  one  might  be  converted  into  building  mate- 
rials ere  long,  if  not  looked  after. 

Lately,  in  Glasgow,  I  made  myself  acquainted  with  the  engineer 
of  the  Clyde  Navigation,  Mr  A.  Duncan.  I  went  over  the  matter 
with  him  of  the  means  of  transporting  the  obelisk,  and  I  suggested 
an  iron  casing  or  vessel  built  round  it.  He  approved  of  this,  and 
on  my  asking  him  to  give  his  ideas  on  the  matter— also  to  look  at 
VOL.  VI.  2  p 
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the  plane  from  the  United  Serrioe  loetitution — he  kindly  conaeDted 
to  do  bo;  and  his  cleai  and  excellent  methcMi  for  curying  oat 
what  i§  so  miioh  deeired — the  lemoval  of  the  obelisk  to  Britain — 
is  placed  before  the  Boyal  Society  of  Edinbni^.* 

2.  On  the  Temperature  of  the  Oommon  Fowl  {GaSjiu  dome»- 
ticus).  By  the  late  Dr  John  Davy.  Communicated  by 
Professor  Allman. 

Before  proceeding  to  read  Dr  Davy's  paper,  FrofeBsor  Allman 
made  the  following  remarks : — 

The  duty  has  devolved  on  me  of  being  the  medinm  through 
which  the  paper  just  announced  should  he  commnnicated  to  the 
Society — a  dnty  not  nnmized  with  melancholy;  fur  when  the  dis- 
tingaished  anthor  of  that  paper  had  plaoed  it  in  the  hands  of  the 
Gonncil,  there  was  nothing  to  prevent  our  looking  forward  to  a  con- 
tinuance of  those  labooTB  with  whose  reanltg  the  pages  of  your 
Transactions  have  been  so  often  enriched.  Bat  the  pen  which  hod 
worked  nnwearyingly  for  nearly  sixty  years  is  at  last  still ;  and 
the  paper  now  before  you  closes  in  for  ever  the  earthly  labonrs  of 
its  author. 

It  has  been  suggested  that,  under  these  circnmstancee,  it  would 
be  right  to  accompany  the  oommuDication  of  Dr  Davy's  paper  by 
a  few  words  setting  forth  the  salient  points  in  his  sctentifio  life, 
and  it  is  in  accordance  with  this  suggestion  that  I  have  drawn  up 
the  following  abort  note.  For  the  facts  which  it  contain  I  am 
mainly  indebted  to  his  son-in-law,  Professor  Bolleaton,  of  Oxford. 

Dr  John  Davy  was  bom  at  Penzance  in  Kay  1791 ;  he  died  at 
bis  residence  near  Ambleside  in  January  1868.  He  was  therefore 
in  his  seventy-seventh  year  at  the  time  of  his  death. 

*  Sir  William  Wylde,  Id  a  pamphlet  tent  mo  hj  Sir  James  Simpaou,  iUte« 
that,  in  the  jasr  I8S9,tie  proposed  that  the  obelisk  shanld  form  a  Nelion 
teBtimouial,  with  BphluzM  »t  its  base ;  two  of  which,  after  the  capture  of 
Alexandria  in  1801,  were  bnilt  into  the  wall  of  the  Cnatom-HonH  neoi  the 
ptiDcipal  landiog-place.  These  might  be  lecorered  also  withoat  mooh  diCB- 
cnlty,  og  they  are  id  a  manneT  buried  where  they  are.  At  Bt  Petenburg 
I  saw  the  granite  rock  od  which  the  statue  of  Peter  the  Oreat  atandE,  and  got 
the  details  t^  the  manner  of  its  transport. 
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His  Bcientific  Inboura  began  in  coutroversj',  and  we  find  him,  in 
1811,  defending  the  viewa  of  his  brother,  Mr  (afterwards  Sir) 
Humphry  Davy,  regarding  the  nature  of  potassium  and  sodium, 
and  the  compoflition  of  hydroohlorio,  or,  aa  it  was  then  called, 
oxymnriatio  acid.  His  advocacy  of  bis  brother's  viewa  vas  in 
reply  to  the  objections  nrged  against  them  by  &Ir  Mnrray,  at  that 
time  a  lecturer  on  Chemistry  in  Edinburgli.  His  letters  on  the 
subject  were  puhliehed  in  N^icbolson's  Journal,  and  the  controversy 
ran  through  several  Bucceseive  nnmbera  of  that  periodical. 

It  was  at  this  time  that  he  was  studying  mediciae  in  Edinbnrgh, 
where  he  became  a  member  and  one  of  the  annual  Presidents  of 
the  Boyal  Uedical  Society — a  society  composed  of  students,  and 
which  has  numbered  amongst  its  members  some  of  the  most  die- 
tinguisbed  names  by  which  medical  science  has  been  advanced 
during  the  present  century.  Among  Davy's  contemporaries  in  the 
Medical  Society  were  Richard  Bright  and  Marshall  Hall.  In 
1814  he  graduated  in  Edinbnrgh  as  M.D.,  with  a  thesis,  "De 
Sanguine."  It  mnst  have  been  about  the  period  to  which  we 
now  refer  that  he  assisted  his  brother  in  the  Boyal  Institution  in 
London,  and  discovered  ch lore- carbonic  gas.  He  became  a  Fellow 
of  the  Boyal  Institution  of  London  on  17th  February  1814. 

During  the  Waterloo  campaign  in  1815,  Dr  Davy  was  attached 
to  a  general  hospital  in  Bruraels,  and  in  the  following  year  he  was 
appointed  etaff-sargeon  in  Ceylon,  where  be  remained  until  1820. 
While  there  he  accumulated  materials  for  an  account  of  Ceylon, 
which  still  continues  a  standard  work  on  that  island.  During 
subsequent  years  he  did  duty  on  various  foreign  stations— the 
Ionian  Islands,  Malta,  CoDstantinople,  and  the  West  Indies.  He 
also  served  on  home  stations ;  and  bis  value  as  a  public  servant 
was  subsequently  recognised  by  Government  in  bis  appointment 
to  tbe  post  of  Inspector-Geuerat  of  Army  Hospitals. 

In  1842  he  was  elected  a  Fellow  of  the  Boyal  Society,  Edinburgh. 

The  opportunities  afforded  by  a  life  so  singularly  active  and 
varied  were  not  allowed  to  escape  him;  for,  with  an  ardent  love  of 
inquiry,  he  possessed  powers  of  observation  which  have  rarely  been 
surpassed,  and  a  versatility  which  enabled  him  to  direct  these 
powerii  into  the  moat  diverse  channels. 

In  comparative  anatomy  his  name  will  be  always  associated  with 
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our  knowledge  of  the  circulation  of  the  blood  in  the  Amphibia;  for 
though  Meckel  had  previonBly  discovered  that  the  auricle  in  the 
Pipa  or  Surinam  toad  was  divided  into  two  chamhera  by  a  mem- 
branous septum,  yet  the  German  anatomist  regarded  this  as  aa 
exception ;  and  in  common  with  every  other  anatomist,  from  the 
time  of  Harvey  downwards,  coDBidered  that  the  batiachtan  heart 
bad,  as  a  rule,  only  a  single  auricle,  by  which  it  was  diatinguiabed 
from  that  of  the  true  reptiles.  Davy,  however,  by  showing  that 
the  aoricle  is  double  in  the  frog  anil  in  the  common  toad,  established 
this  important  stmctural  feature  as  an  essential  character  of  the 
Amphibia. 

Dr  Davy's  exterisive  pathological  experience  afforded  bim  the 
matertala  for  his  work  on  "  Diseases  of  the  Army,"  His  Life  of  his 
brother  Sir  Humphry  (jroves  hia  aptitude  for  critical  biography; 
while  his  numerous  papers  on  Natural  History,  Chemistry,  and 
Physiology,  show  still  further  how  free  from  speciality  was  his 
active  and  inquiring  mind. 

It  is  his  physiological  researches,  however,  and  more  especially 
those  on  animal  heat,  which  stand  forth  with  greatest  prominence 
in  the  long  list  of  bis  acJentific  labours.  His  observations  on 
temperature,  which  extend  to  almost  every  important  group  of  the 
animal  kingdom,  and  embrace  animals  in  almost  every  possible 
condition,  are  among  the  most  valuable  with  which  this  depart- 
ment of  inquiry  has  been  enriched,  and  will  always  continue  to  be 
referred  to  by  the  historian  of  physiological  progress.  Among  the 
very  earliest  of  his  publications  is  a  paper  presented  to  the  Royal 
Society  in  1814,  on  the  difference  of  temperature  between  arterial 
and  venous  blood,  and  bis  last— that  now  before  you~is  still  on 
his  favourite  subject. 

Dr  Davy's  place  in  the  history  of  scientific  discovery  has  none  of 
the  brilliancy  of  hie  brother's,  but  it  will  always  be  known  as  that 
of  the  uncompromising  advocate  of  truth — the  patient,  painstaking, 
conscientious,  and  successful  ohaerver.  The  discovery  of  facta — the 
elucidation  of  positive  truth — was  his  mission  ;  he  seldom  indulged 
in  speculation,  and  did  not  possess  that  genius  for  generalisation 
which  shed  such  a  lustre  over  the  career  of  the  great  chemist. 

The  later  years  of  his  life  were  spent  in  his  retirement  at 
Lesketh  How,  near  Ambleside.    When   I   snw   him   there   last 
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autumn  he  had  lost  none  of  hia  love  or  research,  and  dwelt  with 
all  the  delight  of  a  youDg  mao  apon  the  natural  features  of  his 
neighbonihood ;  time  seemed  as  yet  to  have  leant  but  lightly  on 
him,  and  his  looks  were  no  index  to  bis  years ;  but  he  was  hardly 
what  I  hod  known  him  some  years  before,  and  was  certainly  sadder 
than  had  been  hiu  wont. 

His  last  illness  commenced  with  what  he  at  first  considered  as 
only  a  severe  attack  of  influenza ;  but  alarming  symptomB  super- 
vened, and  against  these  do  treatment  had  any  power.  Dr 
BoUeeton  writes  to  me  that  "  he  retained  his  faculties  to  the  last, 
and  to  the  last  the  watchword  wa.^,  with  him  as  with  the  Roman 
Emperor,  '  Laborerans.' " 

Abatract  of  (Ae  Paper. 
The  observations  were  made  on  birds  of  different  ages  and  sexes, 
and  nnder  various  conditions,  and  the  following  results  were  approxi- 
matively  obtained : — 

1.  The  average  temperature  of  the  common  fowl  is  lOT'-Sl. 

2.  The  temperatare  of  the  sexes  before  maturity  is  comparatively 
high,  being  106°-5,  whilst  that  of  the  two  sexes  at  this  stage  varies 
very  little. 

3.  The  temperature  of  the  male,  on  the  whole,  irrespective  of  any 
particular  age,  is  higher  than  that  of  the  female,  being  as  108°-3'J 

to  lor-s. 

i.  The  temperature  of  the  fully  mature  male  is  lOS"-??. 

5.  The  temperature  of  the  laying  hen  is  lU7°-4. 

6.  During  incubation  the  temperature  falls,  and  is  as  low  as 

lor. 

7.  During  moulting  it  rises  to  108°  44. 

The  author  further  observed  that  the  young  fowl,  soon  after 
becoming  tolerably  fledged,  and  capable  of  securing  adequate  food, 
attains  acomparatively  high  temperature,  and  that  the  temperature 
of  nestlings  is  also  comparatively  high,  facta  which  are  scarcely  in 
accordance  with  the  views  of  Dr  William  Edwards,  who,  in  hie 
work  "  On  the  Influence  of  Physical  Agents  on  Life,"  maintains 
that  "  the  power  of  producing  heat  in  warm-blooded  animals  is  at 
its  minimum  at  birtli,  and  increases  markedly  until  adult  age." 
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3.  Note  OB  ail  Inequality.    By  Prof.  Tait. 

The  tendency  of  the  air  contained  in  a  eoap-babble  is  to  ex- 
pand in  bulk,  while  that  of  the  film  is  to  contract  in  eurface. 
Hence  it  becomes  a  curiona  question  to  decide  whether  both  of 
these  tendencies  are  not  satiefied  when  two  or  more  hubbies  amt« 
into  one. 

The  excesa  of  preasure  inside  a  hnhhie,  of  radius  r,  over  the 
presBure  of  the  external  air,  is 

4T 
P  -  P  °  —' 

where  T  is  the  contractile  force  of  the  film. 

Hence  ^  =  1  +  — ■ 

P  ?»■ 

Now  if  /  be  the  radius  of  the  sphere  which  the  contained  air  would 
occupy  at  the  pressure  p,  we  have 


The  quantity  —  is  exceedingly  smnti,  so  that  if  we  call  it  3  f,  we 

have  very  nearly 

r'  =  r  +  e. 

That  is,  the  quantity  by  which  the  radius  of  a  bubble  must  be 
increased,  so  that  the  pressure  of  the  contained  aii  may  fall  to  that 
of  the  atmosphere,  is  independent  of  the  radius  of  the  bubble 
(unless  it  be  very  small). 

Suppose  two  bubbles  of  radii  r,  and  r,  to  coalesce,  and  let  r^  be  the 
radius  of  the  single  bubble  formed,  we  have  (by  expressing  that 
the  whole  content  is  unchanged). 


Hence,  if  SV  express  the  increase  of  volume,  i 
we  have 

SV  +  eSS  =  0. 
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Hence  it  appears  that  the  volume  increaeeB  and  the  surface  coo- 
tncte,  or  vice  vend,  for  they  cannot  both  remain  nnalteTed.  And 
the  phyeical  circnmetanceB  show  at  once  that  the  former  le  the  case. 

The  formula  juat  written  ehowa  that  the  volume  increaeee  by 
aa  much  as  that  of  a  bubble,  whose  surface  it  equal  to  the  diminu- 
tion of  surface,  would  change  when  it  is  so  increased  that  the  air  it 
contains  is  at  the  pressuie  of  the  atmosphere. 

It  is  obvious  that  the  same  process  of  physical  reasoning  may 
be  applied  to  any  number  of  soap-bubhles  when  made  to  unite ;  bo 
that  we  may  thus,  without  any  analysis,  conclude  that  for  any 
number  of  positive  quantities  x,  y,  z,  &c.,  we  have  alwaya 

iT*  +  y'  +  *'  + >  (aj*  +  y'  +  «'  + )!. 

For  if  B  be  the  radius  of  the  bubble  formed  by  the  union  of  others 
of  radii  x,  y,  z,  &c.,  we  must  have 

H»  <  a:*  +  y    +   8'    + 

and     B'  >  x'   +  y'   +   ar*   + 

fnmi  which  the  aboT«  Fssolt  is  evident. 


FiofesBor  Tait  exhibited  to  the  Society  a  very  easy  mode  of  de- 
monstrating some  of  Stewart's  results  regarding  equality  of  absorp- 
tion and  radiation.  Letters  drawn  with  ink  on  a  slip  of  platinum 
foil  appeared  brighter  than  the  ground  when  the  foil  was  heated 
in  a  large  blowpipe  flame,  but  darker  than  the  ground  on  the  other 
side  of  the  foil.  Thus,  thon^  gloving  more  brightly,  the  iron 
spols  are  really  at  a  lowar  temperature  than  the  foil  beside  them. 
The  spectra  of  the  two  portJons  were  described  and  their  lengths 
compared,  with  the  view  of  strengthening  the  proof;  and  the  ex- 
periment was  applied  to  suggest  an  expluiatioQ  of  the  aingnlai 
observation  by  which  Seochi  was  led  to  conclude  that  iron  is  trans- 
parent at  a  red  heat. 
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Monday,  2rf  March  1868. 

DAVID  MILNE-HOME,  Esq.,  Vice-President,  in  the 
Cliair. 

The  following  CommunicationB  were  read : — 

1.  Observations  on  the  Spores  of  Cryptogamic  Plants,  and  on 
the  Reproductive  Process  in  some  Algse  and  Fungi.  By 
Professor  Balfour. 

Id  this  paper  the  author  alluded  to  the  spore  as  the  ultimate 
genninating  cell  of  cryptogamic  plants.  The  true  spore  is  the 
product  of  impregnation,  but  there  are  aleo  hodiea  called  spores 
which,  80  far  as  known,  do  not  depend  on  the  process  of  fertilisa- 
tion. Occasionally  the  tenn  spore  includes  both  the  spore  and  the 
spore-case  or  sporangium.  The  structure  of  the  spore  was  described, 
and  its  resemblance  to  the  pollen  grain,  both  as  regards  its  anatomy 
and  germination,  was  shown.  Ciliated  moving  spores  were  con- 
sidered, and  reference  was  specially  made  to  the  movements  of  the 
non-oiliated  spores  of  Helminthora,  which,  when  discharged,  con- 
tinue to  change  their  form  for  several  hours  like  the  Amceba, 
becoming  in  turn  oblong,  pyriform,  ihomboidal,  Ac, — ^lengthening 
and  contracting,  Bwelliog  at  one  point  and  shrinking  at  another. 

The  germination  of  spores  was  considered.  Some  of  them  were 
shown  to  produce  aprothallus,  and  were  hence  called  Thalloid  tporea; 
while  others  had  no  prothallas,  and  were  therefore  Athallotd.  In 
the  case  of  the  former,  the  prothallus  was  eometimes  produced 
externally,  as  in  ferns,  and  hence  the  spore  was  Exothaliotd ;  in 
other  cases  the  prothallus  was  internal,  as  in  Lyoopods,  and  the 
spore  was  called  Endothalloid. 

In  all  the  great  divisionB  of  cryptogamic  plants,  bodies  called 
Antheridia  and  Archegonia  have  been  detected, — the  former  usually 
containing  sperm atozoids- 

The  conjugation  in  Tyndaridea,  Zygnema,  and  Mougeotia  was 
then  considered,  and  the  function  of  a  compound  spore  in  some 
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species  of  Yancheiia  luid  id  Fnngi,  such  as  Rkisopua  nigricans.  In 
the  last- mentioned  plant  the  compound  epore  is  called  a  Zygospore. 
Special  attention  was  drawn  to  the  fertiliaation  of  Florides,  aa 
demonstrated  by  Bornet  and  TLuret.  The  formation  of  antheridia 
with  corpuscles,  and  of  a  peculiar  hair-like  body  called  Tricbogy- 
uium  was  noticed.  The  celt  at  the  base  of  this  latter  organ,  after 
fertilisation,  is  transformed  into  the  Oystocarp,  which  is  aome- 
times  supported  on  cells  called  the  Vricbophore.  The  formation 
of  the  Cystocarp  containing  sporeif  was  exhibited  in  large  drawings 
of  Nemalion,  Batrachospermum,  Kelminthoro,  Liagora,  Callitbara- 
nion,  Bonnemaisonia,  and  Polysiphonia.  It  was  shown  that,  in  the 
case  of  Dadresnaya,  there  is  a  long  Tricbogynium  with  spiral  coils 
near  its  base,  and  that  the  cella  below  that  organ  elongate  so  as  to 
form  fiexuose  filaments,  which  pass  in  a  serpentine  manner  among 
the  ramifications  of  the  sea-weed,  and  come  in  contact  with  the 
fnictiferons  filaments  which  they  are  destined  to  fecundate.  These 
condncting  tabes  are  attached  sucoessiTely  to  the  terminal  cells 
of  the  filaments,  becoming  incorporated  with  them.  Thus,  tbe 
fructiferous  filaments  are  united  together  by  a  sort  of  network  of 
delicate  tubes.  These  tubes  convey  the  fertilising  influence  from 
the  Tricbogynium  to  the  Ampullos,  from  which  the  CystDcarpe  are 
■  formed.  It  was  tbns  shown  that  the  fecundating  apparatus  of  the 
Florideee  consists  of  antberidia  containing  corpuscles,  and  of  a 
small  cellular  body  terminated  by  a  nnilocuUr  hair  or  Tricbogynium. 
Fecundation  is  produced  by  the  union  of  antheridian  corpuscles 
with  tbe  Tricbogynium,  followed  by  the  development  of  the  capsular 
fruit  or  Cystocarp. 

In  some  cases,  as  in  Nemalion,  tbe  fertilisation  is  direct,  tbe 
influence  of  the  antheridian  corpuscle  being  at  once  conveyed  by 
the  Trichogyninm  to  tbe  rudimentary  cell  of  the  Cystocarp.  In  other 
cases,  as  in  Dadresnaya,  the  action  is  less  direct, — tbe  influence  of 
tbe  antberidian  corpuscles  being  conveyed  by  connecting  tubes, 
wbichpasslaterally  from  the  base  of  tbe  Tricbogynium  to  numerous 
fructiferous  filaments,  on  which   tbe  Gystocarpe  are  finally  de- 


Tbe  author  then  considered  tbe  case  of  tbe  spores  contained  in 
the  Tbecra  of  Mosses  and  Ferns.  These  spores  have  not  been  shown 
to  be  produced  by  direct  fertilisation.   In  these  plants  there  is  a  pro- 
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tballnB  beariDg  the  leproduotive  organB.  TJie  sperm atozoi da  of  the 
antheridian  nells  come  into  contact  with  the  archegonial  cell,  and 
after  fertilieation  the  cell  remains  attached  to  the  piothallns,  Aud 
from  it  is  developed  the  stalk  beEiring  the  eporiferouB  theca  in 
MoaseB,  and  the  sporangiferous  frond  in  Ferns.  These  so-called 
Bpores  seem  to  resemble  buds.  Remarks  were  made  on  the  buds  of 
the  Sfaichantia,  the  gonidta  of  Lichens,  and  the  tetraspores  of  Alg», 
as  well  as  on  the  prodnotion  of  separable  buds  in  the  higher  classes 
of  plants,  and  the  production  of  ova  and  buds  in  Medusce.  The  ten- 
dency, also,  of  the  spores  of  anomalans  ferns  to  produce  fronda 
having  the  peonliai  character  of  these  varieties,  was  considered  as 
indicating  their  alliance  with  bads. 

The  paper  was  illustrated  by  a  large  series  of  coloured  drawings 
and  b;  models,  as  veil  as  recent  specimens  of  ferns  in  various 
states,  from  the  prothalloid  condition  up  to  the  frondiparous  state, 
bearing  sporangia,  and  also  at  times  producing  viviparous  buds. 


2.  Note  on  a  BecoDt  High  Tide  on  the  East  Coast  of  Britain. 
By  George  Robertson,  M.  Inet.  O.E.    (Plate,) 

The  greatest  height  to  which  the  tide  has  ever  been  known  to 
rise  at  any  given  place  is  of  the  utmost  consequence  to  the  marine 
engineer.  It  forms  an  important  element  in  the  design  and  in  the 
estimate  for  any  works  in  the  sea ;  and  any  error  on  this  point 
might  lead  to  the  most  lamentable  results  both  to  life  and  pro- 
perty, especially  in  the  constmctiaa  of  embankments  for  the  recla- 
mation of  land. 

I  have  therefore  thought  that  a  notice  of  the  tide  of  the  8th  of 
last  month  might  not  be  uninteresting  to  the  Society,  as  it  is  one 
of  the  highest,  if  not  indeed  the  highest,  that  has  ever  been 
recorded  with  accuracy  on  the  east  coast  of  Britain,  and  the  most 
remarkable  example  with  which  I  am  aoqnainted  of  the  eflfect  of 
wind  in  raising  the  level  of  big^  water  on  that  coast. 

The  months  of  January  and  February  of  this  year  have  been 
remarkable  for  the  long  continuanoe  and  violence  of  westerly 
winds — at  times  approaching  to  the  fury  of  a  hnrricane. 

A  long  ooDtinnance  of  these  winds  has  always  the  effect  of 
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keepiDg  up  the  tddee  round  the  cout  of  Britain  ;  aod  if  the  wind 
then  goes  enddenly  round  to  the  north  of  west,  it  brings  in  the 
tidal  wave  from  the  Atlantic  in  great  strength  loand  the  north 
of  Scotland,  and  consequently  rsiBea  the  level  of  high  water  on 
the  eoat  coast  to  an  abnormal  height,  more  especially  as  the  wave 
works  its  way  southwaid  to  the  shallow  water  and  obliqaely  shelv- 
ing shores  of  England. 

The  effect  of  these  long-continued  westerly  winds  on  the  tides 
culminated,  on  the  morning  of  the  8th  of  February,  in  a  tidal  wave 
of  perhaps  unprecedented  height  on  the  east  coast — the  same  ware 
which  broaght  high  water  to  the  west  of  England  and  Ireland  on 
the  afternoon  and  evening  of  the  7th, 

I  shall  endeavour  to  tnce  the  height  of  this  wave  from  the 
time  it  passed  the  Pentland  Firth  till  it  met,  off  Lowestoft,  the 
counteracting  low  water  of  the  wave  whioh  travels  roonds  the  south 
of  England. 

Nothing  remarkable  in  the  height  of  the  tide  was  noticed  at 
Wick,  where  the  tides  seem  to  be  more  locally  affected  by  gales 
from  the  S.W.  to  3.E.,  which  raise  the  level  of  high  water  some  12 
or  15  inches. 

As  the  wave  swept  along  the  coast  of  Banffshire  it  increased  in 
height,  till  at  Aberdeen  the  level  of  high  water  was  3  feet  6  inches 
above  the  calculated  height.  High  water  took  place  here  at  1.16 
A.u ,  and  was  2i  feet  i  inches  on  the  dock  cill.  The  average  of 
spring  tides  for  five  years  at  Aberdeen  is  22  feet  on  the  cill,  but 
the  tide  of  the  8th  was  not  expected  to  rise  so  high  as  this,  and  it 
is  the  highest  recorded  since  1862,  before  which  the  records  appeur 
uncertain. 

At  Leith  the  tidal  wave  rose  at  1.58  a.m.  to  the  height  of  26  feet 
10  inches  on  the  Victoria  Dock  cill.  The  calculated  height, 
according  to  Beid's  tables,  which  are  these  used  at  the  port,  should 
have  been  22  feet  6  inches,  so  that  the  actual  height  was  i  feet 
4  inches  more  than  the  calculated  height ;  the  greatest  discrepancy 
1  have  ever  heard  of  at  Leith.  Between  the  previous  high  water 
on  the  afteraooD  of  the  7th  and  that  on  the  morning  of  the  8th, 
there  was  no  lees  a  difference  than  5  feet  8  inches.  The  extraordi- 
nary amount  of  this  difference  will  be  better  understood  if  we  bear 
in  mind  that  it  represents  the  ordinary  total  rise  between  high 
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trater  of  low  neap  tides  and  high  water  of  high  spring  tidea,  an 
amount  wbtcb  it  neuolly  takes  seven  days  and  fourteen  tides  to 
accomplish  by  enccessive  increasements  ;  but  which,  in  this  case, 
was  done  at  one  bound. 

Od  going  over  the  tide-books  at  Leith  for  as  far  back  as  time 
has  permitted,  I  find  that  during  the  last  eighteen  years  there 
have  been  ninety  tides,  or  five  per  annam,  which  reached  the  level 
of  25  feet  on  the  Victoria  Dock  cill.  Of  these  only  two  tides  have 
been  so  high  ae  26  feet,  viz. — the  morning  tide  of  October  26, 
1865,  and  the  morning  tide  of  January  29,  1850.  The  latter  tide 
reached  the  beight  of  26  feet  8  inches,  or  2  inches  lower  than  the 
one  of  the  8th  ult. 

A  very  high  rise  of  tide  is  recorded  on  several  of  the  charts  aa 
having  taken  place  on  July  18,  1829;  bat,  on  looking  at  Iteid's 
Commercial  List  for  July  21, 1829, 1  find  that  on  the  day  recorded 
on  the  charts  the  tide  was  a  very  ordinary  one,  only  rising  2  inches 
higher  than  was  expected,  and  being  exceeded  by  those  following. 
go  that  there  is  some  mistake  which  makes  this  high  tide  very 
doubtful,  to  Bay  the  least. 

I  have  prepared  a  diagram  of  the  height  of  high  water  at  Leilh 
for  a  tidal  month,  which  shows  the  extraordinary  state  of  oscilla- 
tion in  which  the  tides  have  been  during  the  late  boisterouH 
weather.  It  will  be  observed  that  from  the  11th  to  the  24th 
January  the  tides  were  all  above  the  calculated  height  On  the 
24tU — the  day  of  the  great  gale  in  Scotland— the  wind  went  vio- 
lently round  to  the  south,  and  immediately  the  tides  fell  to  more 
than  3  feet  below  their  proper  height,  rising  again  as  the  wind 
went  back  to  the  west.  After  a  fortnight  of  most  unusual  oscilla- 
tion, the  tide  rose  on  the  8th  February,  with  the  tarn  of  the  wind 
to  the  north,  to  the  unprecedented  height  alluded  to  in  the  paper. 

I  regret  that  I  cannot  give  a  diagram  of  the  low  waters  for  the 
name  period,  which  would  have  been  very  valuable  and  instructive  ; 
but  at  Leith,  as  at  many  other  ports,  no  regular  record  is  kept  of 
the  low  waters. 

The  height  of  the  tidal  wave  of  the  8th,  when  it  had  reached  the 
mouth  of  the  Tjne,  in  Northumberland,  was  much  the  same  aa  at 
Leith — a  little  less,  however,  au  might  be  expected  from  the  con- 
figuration of  the  coast.      The  height  of  high  water  in  Shields 
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Larbonr  woe  4  feet  more  than  espected,  aud  was  S  feet  2  inches 
above  high  water  of  spriog  tides  (Rennie's  datum).  This  is  10 
iachee  higher  than  any  tide  previously  recorded.  The  tide  on  the 
6th  was  ateo  unusually  high,  being  3  feet  2  inches  more  than  cal- 
culated. 

At  Sunderland  the  tide  was  3  feet  11  inches  more  than  the  cal- 
culated height. 

At  Hull  it  was  higb  water  at  5.45  on  the  morning  of  the  8th, 
and  the  tide  rose  to  a  height  of  30  feet  5  inches  above  the  Humber 
Dock  cill,  or  no  less  than  5  feet  5  inches  wore  than  was  calculated. 
The  tide  of  the  previous  day  had  risen  only  to  23  feet  i^  inches 
above  the  cill ;  so  that  we  have  at  Hull  the  extraordinary  difference 
of  7  feet  i  inch  between  two  successive  tides — the  greatest  amount 
of  abertatioD  I  have  hitherto  discovered  in  the  east  coast  tides. 

The  average  height  of  springs  at  Hnit  is  26  feet  S  inches  on  the 
dock  cill,  there  being  very  seldom  tides  of  28  feet.  A  list  of  the 
high  tides  at  this  port  has  been  sent  to  me,  and  I  find  that  since 
1788  there  have  been  only  twenty-three  tides  which  have  reached 
a  height  corresponding  to  29  feet  on  the  Hnmher  Dock  cill — an 
average  of  only  one  tide  in  three  and  a  half  years.  Of  these 
twenty-three  tides  only  one  reached  the  height  of  30  feet,  and  that 
was  on  the  18tb  February  1816,  during  a  gale  from  the  N.W. 
The  tide  was  then  4  inches  lower  than  that  of  the  8th  ult.,  which 
ii  the  highest  tide  on  record  at  Hull. 

The  tidal  wave  appears  to  have  reached  its  maximum  about 
Hull,  having  travelled  from  Aberdeen  in  4h.  29ni. — according 
to  Imray's  tide-tables — exactly  one  hour  faster  than  usual,  as 
might  be  exjiected  from  so  strong  a  flood.  This  is  at  the  rate  of 
nearly  eighty  miles  per  hour — a  great  speed  for  a  wave  of  the  first 
order  in  50  fathoms  water,  and  equal  to  what  it  usually  is  in  70 
fathoms. 

About  this  point,  or  perhaps  nearer  Yarmouth,  the  tide  began  to 
feel  the  counteracting  influence  of  the  low  water  of  the  wave  which 
sweeps  along  the  south  and  west  of  England. 

By  the  time  high  water  reached  Lowestoft  the  level  had  appa- 
rently fallen  a  little ;  for  though  the  tide  was  20  feet  9  inches,  or 
4  feet  3  inches  above  tlie  average,  still  this  is  2  feet  3  inches  less 
than  the  tide  of  the  2d  December  1867,  which  is   the  highest 
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on  reoord  at  Loweetoft.  On  the  25th  of  January  last — the  day 
after  the  great  Btoim  in  Scotland — the  low  water  at  LoweHtoft 
was  1  feet  below  the  average;  and  the  liarbonr- master  writes  that 
they  have  had  extraordinary  fluctnatione  dnring  the  Inst  three 
monthB. 

When  the  wave  reached  the  London  Docke  it  was  atUl  extremely 
high,  being  3  feet  6  inches  above  Trinity  datum ;  but  this  is  not 
unprecedented;  for  on  January  20,  1850,  it  was  an  inch  higher; 
and  on  November  12, 1862,  it  was  2  inches  higher.  This  latter  is  the 
highest  tide  on  record  at  the  London  Books,  and  the  water  rose  to 
29  feet  1  inch  on  the  dock  oill,  or  3  feet  8  inches  above  Trinity 
datum. 

In  examining  the  height  of  that  portion  of  the  great  tidal  wave 
from  the  Atlantic  which  sweeps  along  the  south  and  west  of  Eng- 
land, I  find  a  marked  difference  from  the  east  coast  tide.  Instead 
of  being  the  highest  wave  on  record,  it  was  a  tide,  slightly  in  some 
places  only  above  the  calculated  height,  and  in  no  respect  very 
remarkable  as  to  height  of  high  water. 

At  Cork  the  water  did  not  rise  above  the  average  of  springs 
either  on  the  7th  or  8th  February ;  but  there  was  a  gieat  ebb, 
which  left  banks  exposed  in  the  harbour  that  had  not  beun  visible 
for  years. 

The  wave  which  reached  Portsmouth  Dockyard  at  11  p.h.  od  the 
7th  was  the  same  as  calculated ;  but  on  the  morning  of  the  8th  the 
tide  rose  to  21  feet  i  inches  on  the  cill  of  Dock  TSo.  G,  which  is  the 
zero,  or  1  foot  11  inches  above  calculation.  This  is  not  very 
remarkable,  for  there  was  a  tide  at  Portsmouth  on  Novembei  1810 
which  rose  2  feet  higher,  and  is  the  highest  on  record. 

At  Dover  the  wave  on  the  8th  was  unusually  high,  being  2  feet 
4  inches  above  the  calculated  height.  High  water  was  21  feet  9 
inches  above  low  water  of  ordinary  springs ;  but  this  is  not  the 
highest  tide  known,  for  the  engineer  of  the  Admiitdty  works  writes 
that  be  has  on  record  one  of  22  feet,  or  3  inches  more. 

That  branch  of  the  tidal  wave  which  flows  up  St  George's  Chan- 

iiel  towards  the  Irish  Sea  had  nothing  extraordinary  in  its  height. 

At  Bristol  the  tide  of  the  7tb  was  29  feet  8  inches,  or  only  9 

inches  more  than  calculated.     On  the  8th  it  was  31  feet  1  inch 

the  height  expected ;   this,  too,  at  a  place  subject  to  very  high 
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tides,  the  highest  on  racord  being  that  of  January  29,  1846,  which 
was  37  feet  4  inchee  at  the  CumberlaDd  Basin. 

At  Dublin  the  height  on  the  7tli  was  13  feet,  and  on  the  8th 
12  feet  7  inches  above  zero;  bat  the  engineer  of  tbe  Ballast  Board 
writes  that  this  is  nothing  remarkable,  and  that  he  baa  a  record  of 
a  tide  2  feet  9  inches  higher  than  the  one  on  tbe  7tb  nit. 

Tbe  tides  at  Holyhead  were  mnch  as  obub],  and  were  exceeded 
by  those  of  the  9th  and  10th. 

At  Liverpool  the  tide  of  tbe  7th  was  1  foot  5  inches  above  cal- 
culation ;  but  on  the  6th  it  was  4  inches  below  what  it  ought  to 
have  been. 

At  Belfast  tbe  tide  of  tbe  7tb  was  11  feet  above  datum ;  on  the 
8th,  11  feet  2  inches ;  tbe  average  of  tides  being  10  feet.  On  the 
13th  uid  14tb  tbe  tidea  were  at  least  2  feet  higher. 

I  have  brought  this  notice  of  tbe  recent  high  tide  on  tbe  east 
coast  before  the  Royal  Society,  not  only  for  the  purpose  of  having 
on  record  one  of  the  most  remarkable  tide  waves  occasioned  by  wind 
in  this  country  of  which  we  have  any  aatbentio  account,  but  also 
for  a  practical  purpose. 

The  knowledge  that  there  is  a  tidal  wave  of  more  than  ordinary 
height  on  its  way  to  any  of  the  great  commercial  ports  of  Britain 
wonld  be  of  great  value  to  merchants  and  sailors.  There  are  always 
vessels  lying  in  barhours  and  docks  of  too  great  a  draught  of  water 
to  allow  them  to  sail  during  neap  tides,  or  even  during  low  springs. 
FeT  ports  in  this  country  have  sufficient  depth  of  water  to  prevent 
large  vessels  being  "  neaped,"  as  it  is  called.  These  vessels  might 
be  able  to  sail  several  days,  perhaps  ten  or  more,  sooner  than  they 
conld  otherwise  do,  or  be  docked,  as  the  case  might  be,  were  they 
timely  warned  of  the  fact  that  a  tidal  wave  of  more  than  tbe  usual 
height  was  on  ita  way  to  them,  bringing,  in  extreme  oases,  a  high 
spring  during  a  low  neap. 

Information  regarding  high  or  low  tides  might  just  as  easily  be 
sent  to  each  great  port,  without  any  extra  expense,  and  with  far 
greater  certainty  of  prediction,  as  the  warnings  for  high  winds  are 
at  present,  and  might  be  signalled  with  equal  simplicity. 

There  is  always  plenty  of  time  for  it.  The  tidal  wave  which 
reaches  the  west  coast  of  Ireland  about  four  o'clock  at  springs 
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divides  into  two  parte.  The  northern  branch  takea  eight  hours  to 
reach  Aberdeen,  nine  hours  to  reach  Leith,  fourteen  hours  to  reach 
Hull,  and  twenty  hours  to  reach  London.  The  southern  branch 
takes  seven  boors  to  reach  Portsmouth,  and  seven  hours  to  reach 
Liverpool. 

The  character  of  the  winds  prevailing  at  the  time  would,  with  a 
little  experience,  give  a  good  idea  of  whether  the  coming  tide 
would  be  felt  most  on  the  east  or  the  west  ooast,  and  also  of  its 
probable  height  at  different  places. 

The  knowledge  of  the  approach  of  an  extraordinarily  high  tide 
might  also  occasionally  be  of  some  use  in  the  preservation  of  pro- 
perty from  its  effecte. 

Id  these  days  of  steam  I  am  sure  that  infoimation  about  tides 
would  be  quite  as  generally  appreciated  as  information  about  winds, 
by  both  merchants  and  sailors.  I  believe  that  the  Boyal  Society 
of  Edinburgh  would  do  a  great  practical  service  to  the  shipping 
interests  of  this  country  if  they  could  prevail  on  the  lUeteorological 
Department  of  the  Board  of  Trade  to  arrange  that  notice  should  he 
sent  to  all  the  principal  ports  of  Britain,  not  only  of  the  expected 
winds,  but  also  of  the  expected  tides,  whether  uunsually  high  or 
unusually  low.  The  storms  of  wind  may  or  may  not  arrive — for 
the  wind  "  bloweth  where  it  listeth ; "  but  the  tidal  waves  flow  and 
ebb  without  fail,  with  the  speed  of  the  hurricane,  but  the  silence  of 
the  grave. 

The  foUomng  Gentlemen  were  elected  Fellows  of  the 
Society : — 

J.  Samsow  Gamoeb,  E«q.,  Snrgeon  to  Qhmo'b  Hospital,  BirminghHm. 

Rev.  D.  T.  K.  Dbovmond,  B.A.  Oion. 

Rev.  Joseph  Tavlos  Gdodbib. 

Major  John  H.  M.  Shaw  Stbwabt,  Bo^kI  Engineers. 
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Monday,  I6th  March  1868. 

Dr  CHKISTISON,  Vice-President,  in  the  Chair. 

The  following  Communications  were  read  : — 

1.  The  Mean  Pressure  of  the  Atmosphere  over  the  Globe  for 
the  Months  and  for  the  Year.  Part  T.—  January,  July, 
and  the  Year.  By  Alexander  Buchan,M.A.,  Secretary  to 
the  Scottish  Meteorological  Society. 

The  three  charts  which  were  exhibited,  ehowiog,  by  iBobarometric 
liseB,  the  mean  atmospheric  pressure  over  the  globe,  during  January, 
July,  and  the  year,  were  couBtraoted  from  observations  made  at 
358  places  thus  distributed  over  the  earth, — lf>7  in  Europe;  ti  in 
Asia;  22  in  Africa  and  adjoining  islands;  SS  in  South  America, 
West  Indian  Islands,  and  Atlantic  ;  63  in  North  America ;  and  '20 
in  Australasia  and  Antarctic  Ocean.  Of  the  European  stations, 
12  are  in  Scotland,  H  in  England,  27  in  Austria,  12  in  Italy,  10  in 
France,  10  in  the  Netherlands,  9  in  Norway,  and  57  in  the  Russian 
empire,  &o.  The  li>t  might  have  been  largely  increased;  thus 
a  larger  number  might  have  been  given  from  the  80  Scottish 
stations;  but  the  12  given  were  judged  sufficient  to  represent  the 
mean  atmospheric  pressure  or  this  country. 

In  the  British  islands  the  means  were  uniformly  taken  for  the 
ten  years  from  1857  to  1866,  in  order  that  they  might  be  strictly 
comparable  with  each  other ;  and  the  means  of  several  European 
stations  were  calculated  for  the  same  year.  In  the  United  States 
of  Ameiica  the  means  were  uniform  for  the  six  years  from  1854  to 
1859.  In  selecting  the  stations,  respect  was  had  to  the  obtaining 
of  a  good  mean, — that  is,  observations  for  a  sufQcient  number  of 
years  to  show,  as  nearly  as  possible,  the  true  mean.  For  example, 
at  Bombay,  from  1847  to  1860,  the  lowest  mean  for  July  was 
29-598  inches  in  1851,  and  the  highest  29673  in  1853.  This  re- 
gularity in  the  pressure  of  the  same  month,  from  year  to  year,  is  a 
feature  common  to  alt  tropical  countries ;  and  hence,  in  such  places, 
a  few  years  were  accepted  as  a  srood  mean.  ■  On  the  other  hand, 
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since  the  mean  preesure  at  Reykjavik,  Iceland,  dnring  Jaoaary 
1867,  was  29*913  inches;  dnring  February,  29-359  inches;  and 
during  March,  S0'037  inches,  it  is  evident  that  a  good  many  years 
are  requited  to  represent  the  mean  of  the  month  at  Reykjavik. 
Hence,  a  very  aabordinate  position,  if  any  at  all,  has  beeD 
given  to  ubservations  from  such  jitacea,  nnlees  they  embraced  a 
considerable  number  of  yean.  The  following  are  a  few  of  the 
places,  with  the  number  of  years,  for  which  the  means  are  given  :  — 
Sitka,  16;  Algiers,  10;  Hohart  Town,  25 ;  St  Louis,  Mauritius,  13; 
Bogoslovsk,  26 ;  Nigni-Tagilsk,  21 ;  Barnaul,  19 ;  Nertchinsk,  18 ; 
Fekin,  14 ;  Calcutta,  11 ;  Tiflia,  14;  Baku,  17  ;  Alagir,  15 ;  Jakobe- 
havn,  10;  Reykjavik,  13;  Hammerfest,  13;  St  Petersburg,  19; 
Archangel,  18 ;  Zlaloust,  28 ;  Logan,  22 ;  Christiania,  Cracow,  and 
Eursk,  27  ;  Brussels,  33 ;  Gand,  26 :  Oeneva,  26 ;  Ahun,  34;  Ve- 
rona, 73 ;  Bologna,  4fi  ;  Milan,  25 ;  Turin,  74 ;  most  of  the  Austrian 
stations,  14  to  18,  &c. 

Tables  were  prepared  ruled  with  columns  for  the  insertion  of  the 
following  information  :—l.  The  place  and  country ;  2.  The  source 
or  authority  from  whence  the  observationB  were  obtained ;  8.  The 
number  of  years  of  the  means ;  4.  These  years  specified ;  5.  The 
hours  of  observation;  6.  The  latitude;  7.  The  longitude;  8.  The 
height  above  the  sea  in  English  feet;  9  to  21.  The  simple  arith- 
metic means  for  each  month  and  for  the  year. 

For  reducing  to  sea- level  a  table  was  prepared  from  the  formula  and 
Table  XVI.  given  in  Cuyot's  Meteorological  and  Physical  Tables, 
D,  p.  89.  This  table,  calculated  for  each  5"  F.  of  the  tempera- 
ture of  the  air — from  40"  to  90° — was  used  in  all  cases  where  the 
height  did  not  exceed  800  feet.  For  higher  situations,  the  reduc- 
tion was  made  by  means  of  Dippe's  method,  as  detailed  in  Ouyot'a 
tables,  D,  p.  60.  With  the  correction  for  height  was  included  the 
correction  for  daily  range. 

For  many  means  I  have  been  indebted  to  the  labours  and  writings 
of  Buys  Ballot,  Carl  Jelinek,  Dove,  Quetelet,  James,  and  Euppfer, 
and  particularly  to  Seocbi's  admirable  abstrocta,  which  have  appeared 
from  time  to  time  in  the  "  BuUetino  Metereologico." 

The  means,  so  reduced,  were  then  entered  on  charts  of  the  globe 
drawn  on  Mercator'e  Projection,  from  which  isobarometric  tines 
w«re  drawn  for  every  tenth  of  an  English  inch  in  the  difference  of 
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the  pressure.  The  lines  of  30  inches  and  upwards  were  cotoDred 
red,  and  the  lines  representing  pTeesniee  less  than  30  inoheB  were 
coloured  blue.  Thus,  the  portions  of  the  earth's  surface  where  the 
pressure  was  above  or  below  the  average  (30  inches)  could  be  seen 
at  once. 

Mean  Atmot^ieriePreKvre  for  July. — The  lowest  pressures  occur 
over  the  land  and  the  highest  over  the  ocean ;  or,  the  lowest 
pressures  occur  in  the  north  hemisphere  and  the  highest  in  the 
south  hemisphere.  The  greatest  extent  of  high  pressure  extends 
quite  round  the  globe  from  a  little  south  of  the  equator  to  40°  lat. 
south.  In  the  South  Atlantic,  in  lat  20°,  this  rises  to  30-348 
inches  ;  in  the  North  Atlantic  there  is  a  corresponding  area  of  high 
pressure  rising  at  lat.  35°  to  full  30*346  inches;  and  this  region  of 
high  pressure  extends  over  the  south-west  of  Europe  and  the  south- 
east of  the  United  States.  There  is  also  a  region  of  high  pressure 
in  the  North  Pacific,  but  it  only  amounts  to  about  30'1  inches. 

The  greatest  extent  of  low  pressure  occors  in  Asia,  amounting  in 
the  central  regions  of  the  Continent  only  to  S9'5  inches.  Pressures 
are  also  low  in  the  interior  of  North  America,  and  round  the  north 
and  the  south  poles. 

Mean  Atmospheric  PTetsv/re  for  January. — In  January  the  highest 
pressures  are  over  the  land  and  the  lowest  over  the  ocean ;  or,  the 
highest  are  iu  the  north  hemisphere  and  the  lowest  in  the  south 
hemisphere.  Thus,  taken  in  a  general  sense,  the  mean  pressures 
of  July  and  January  are  reversed. 

The  region  of  highest  pressuie  occurs  in  the  interior  of  Asia, 
where  it  amounts  to  80*4  inches,  being  thus  nearly  one  inch  greater 
in  winter  than  in  summer.  The  area  of  high  barometer  (above  30 
inches)  is  continued  westward  through  Europe  south  of  the  North 
Sea  and  the  Baltic;  the  north  of  Africa;  the  North  Atlantic,  be- 
tween 15°  and  45°  lat. ;  North  America,  except  the  north  and  north- 
west ;  the  West  India  Islands ;  and  the  North  Pacific,  as  far  west 
probably  as  150°  long.  W.  The  effect  of  the  Mediterranean  and 
adjoining  seas,  which  are  at  this  season  warmer  than  the  land,  in 
lowering  the  mean  winter  pressure,  and  thus  breaking  the  con- 
tinuity of  .the  isobarometric  30-2  inches,  and  preventing  its  exten- 
sion from  the  Pacific  to  the  north  of  the  Lena,  in  Siberia,  is  very 
striking.    All  the  charts  show  similar  disturbances  of  the  lines  of 
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equal  preaenre  over  the  Bome  region.  There  are  two  other  regions, 
though  of  compatatiTely  small  extent,  where  the  mean  pressure 
exceeds  30  inches, — one  in  South  Atlantio,  and  the  other  between 
South  America  and  Australia. 

There  occurs  in  the  North  Atlantio  an  extensive  diminution  of 
pressure,  which  deepens  nortfawarda  till  the  greatest  depresainD 
(29*5  inches)  is  reached  in  Iceland.*  It  is  this  low  presaure  over 
the  North  Atlantio,  together  with  the  high  pressures  in  North 
America,  in  the  Atlantic  Bouth  of  lat.  40°,  and  in  Asia,  which  fur- 
nishes the  key  to  the  winter  climates  of  North  America  and  Europe. 
Another  and  equally  remarkable  depression  occurs  in  the  North 
Pacific,  having  its  course  of  greatest  depressioa  (29-6  inches)  in  the 
ocean  between  Kamschatka  and  Sitka  in  the  north-west  of  America. 
The  pressure  is  also  under  the  average  in  the  south  of  Africa  and 
in  South  America. 

The  equatorial  depression  stretches  quite  across  the  globe  in  an 
irregular  belt,  which  attains  its  greatest  breadth  in  Africa  and  lis 
least  in  the  Pacific.  In  crossing  the  Indian  Ocean  it  does  not 
lie  parallel  to  the  equator,  but  slants  from  Tamatave  in  Madagascar 
18°  lat.  S.  to  the  coast  of  Sumatra,  in  5°  lat.  S.  It  is  in  this 
trough  that  nearly  all  the  tropical  storms  of  the  Indian  Ocean 
hare  their  origiu. 

Mean  Atmospheric  Prtature  for  the  Tear. — There  are  two  broad 
belts  of  high  pressure  passing  completely  round  the  globe, — the  one 
north,  the  other  south  of  the  equator,— ^nolosing  between  them  the 
low  pressure  of  the  tropics,  through  the  centre  of  which  runs  a 
narrow  belt  of  stUl  lower  pressure,  towards  which  the  trade  windx 
blow.  The  southern  belt  of  high  pressure  lies  nearly  parallel  to 
the  equator,  and  is  generally  of  uniform  breadth  throughout.  But 
the  belt  north  of  the  equator  has  a  very  irregular  outline  and  great 
difierences  in  its  breadth  and  in  its  inclination  to  the  equator, — 
these  irregnlarittes  being  due  to  the  unequal  distribution  of  land 
and  water  in  the  northern  hemisphere. 

Considered  in  a  broad  sense,  there  are  ouly  two  regions  of  low 
pressure,  one  round  each  pole,  bounded  by  or  contained  within  th« 
belts  of  high  presenre  just  referred  to.  The  most  remarkable  of  these 

*  The  dimlnntton  of  pressure  in  this  re^cion  is  eren  greater  thnn  this  in 
\    Febmary. 
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is  the  region  of  low  preaBure  round  the  south  pole,  which  probably 
is  subject  to  little  variation  throughout  the  year.  The  depression  in 
the  neighbourhood  of  the  north  pole  is  divided  into  distinct  centres, 
at  each  of  which  a  diminution  of  pressure  still  further  below  the 
averse  pressure  prevails.  These  are  the  north  part  of  the  Atlantic 
Bod  the  north  part  of  the  Pacific  oceans.  There  is  also  a  smaller 
nrea  of  low  pressure  in  Hindustan,  caused  altogether  by  the  low 
sammer  pressure  of  that  region  during  the  sonth-west  monsoon.  The 
centre  of  Asia  is  also  a  little  below  the  average,  owing  to  the  very 
low  summer  pressure. 

These  differences  in  the  pressure  arise  from  the  unequal  distribu- 
tion either  of  the  temperature  or  of  the  moisture  of  the  atmosphere* 
Of  these,  considered  as  disturbing  agents,  by  far  the  most  important 
is  the  moisture, — thus  giving  to  this  element  a  paramount  claim  on 
ourregardinstudying  winds,  storms,  and  other  atmospheric  changes. 

The  relations  of  the  barometric  pressure  to  the  prevailing  winds, 
the  varying  temperature,  and  the  rainfall  in  different  parts  of  the 
world,  were  pointed  ont.  Isobarometrio  and  isothermal  charts, — 
(1.)  Of  Europe  and  Western  Asia,  from  the  I8th  to  the  26th  of 
December  1866 ;  and  (2.)  Of  Europe,  from  the  19th  July  to  the  let 
of  August  1867,  were  exhibited  ;  and  it  was  shown  that  the  remark- 
able deviations  from  the  mean  pressure  of  these  months  which  then 
prevailed  were  accompanied  with  equally  remarkable  deviations 
from  the  mean  temperature  of  the  same  mouths. 

2.  On  the  History  of  the  Sun's  Distance  Determinations ; 

and  on  Scriptural  and  Scientific  Probabilities,   By  William 

Petrie,  Esq.    Communicated  by  Professor  C.  Piazzi  Smyth, 

March  16, 1868. 

This  paper  was  accompanied  by  ttro  diagrams,  one  of  tbem  repre- 
senting more  particularly  the  features  attending  on  space,  and  the 
probable  errors  of  several  modem  determinations  therein ;  and  the 
other  representing  the  chronological  order  of  the  events,  or  progress 
made  by  man  from  the  earliest  times,  down  to  the  present,  in  ascer- 
taining that  moat  important  of  all  qnestious  in  astronomy  and  gene- 
ral physics,  viz.,  the  true  mean  distance  of  the  earth  from  the  snn. 

At  the  dawn  of  human  science,  properly  so  called,  or  of  efforts 
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in  BchoolH  and  societiea  to  attain  to  a  knowledge  of  nature  b;  obser- 
vatioD  and  meastire,  and  when  the  Qreeka  sowed  the  firat  aeedB  of 
those  methods  which  have  since  developed  into  the  giant  tree  of 
modem  science — that  ii,  in  the  ages  of  600  b.c.  or  500  b.c. — their 
greatest  philosopher  concluded  the  sun  to  be  hardly  more  than 
10  or  12  miles  from  the  smfaoe  of  the  earth.  But  they  increased 
that  estimate,  as  their  science  advanced,  to  14,000  miles  in  60 
years ;  and  to  6  millions  of  miles  in  200  years  more.  At  that 
point,  however,  knowledge  remained  stationary  for  1800  years,  and 
continued  perfectly  satisfied  with  the  truth  of  that  result, — nutil 
Kepler  showed,  in  1620  A.n.,  that  the  distance  was  mora  nearly 
26  millions  of  miles ;  and  La  Gaille,  in  1750  A.n.,  that  it  was  nearly 
78  millions  of  miles ;  and  the  transit  of  Venus,  in  1769,  that  it  was 
95  millions  of  miles. 

This  last  determination  was,  however,  over  the  truth,  and  sub- 
sequent meseures  have  been  reducing  the  quantity  again ;  bnt  at 
the  same  time  oscillating,  sometimes  ou  one  side  and  sometimes  on 
the  other,  of  a  mean  quantity  nearly  92  millions  of  miles  in  length. 

Now  this  quantity — which  modem  scienceseeme  to  be  approach- 
ing only,  but  has  not  yet  definitely  arrived  at,  or  settled  for  society, 
and  is  not  likely  to  be  able  to  do  so  until  the  next  good  transit  of 
Venus,  in  1882  aj>. — is  the  quantity  marked  off  for  the  sun's  dis- 
tance in  the  Great  Pyramid  of  Jeezeh,  by  the  ancient  architect  or 
designer  thereof,  and  in  so  early  a  period  of  the  world  as  to  have 
heen  1600  years  before  the  very  embryotic  oommencemeut  of  Greek, 
or  any  other  known  human,  science ;  or  at  a  time  when  it  was  per- 
fectly impossible  for  any  man  then  living,  to  have  had  any  means 
at  all  sufficient  to  solve  the  problem  even  approximately  1 

How,  then,  was  it  solved?  and  whence  came  that  marvellously 
accurate  physical  knowledge,  perfect,  apparently,  at  its  very  out-  - 
set,  uid  in  a  tmilding  which  has  lived  thiongb  all  historio  times  of  __ 
all  nations  and  peoples,  but  never  been  known  to  possess  those 
scientific  details  before,  not  even  by  the  Egyptians  tfaemselvee? 

This  great  question  much  occapies  Mr  Pstrie,  after  having  de- 
tailed clearly  a  large  quantity  of  numerical  and  other  particulars 
connected  with  the  establishment  of  all  the  positive  and  material 
foots  of  the  case;  and  hie  eolation  leads  him  ultimately  to  some 
interesting  correlations  with  certain  portions  of  Scripture  exegesis. 
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3,  Physical  Proof  that  the  (Geometric  Mean  of  any  Nnmber 
of  Qaantities  is  less  than  the  Arithmetic  Meaa.  By 
Frofe&sor  Tait. 

If  a  namber  of  eqnal  maeees  of  the  eame  material  be  given,  at 
different  temperatures,  and  enclosed  in  an  envelope  imperrioDS  to 
heat,  they  will  finally  assame  a  oommon  temperature ;  which  is  the 
arithmetic  mean  of  the  initial  tempeiaturee,  if  tLe  material  be  one 
vhoae  specific  heat  does  not  vary  with  temperature. 

But  they  may  be  brought  to  a  common  temperature  by  means  of 
reversible  thermodynamic  engines  employed  to  obtain  tbe  utmost 
amount  of  work  from  the  initial  unequal  distribution.  This  ques- 
tion was  first  investigated  by  Thomson  {Phil.  Mag.  1853,  "  On  the 
BestoTation  of  Energy  from  an  unequally  beated  Space"),  and  the 
application  of  his  method  to  the  present  problem  showB  that  the 
final  common  temperature  of  the  masses,  when  as  much  work  as 
possible  has  been  obtained  from  them,  is  tbe  geometric  mean  of 
the  initial  temperatures ;  but  this  investigation  introduces  the  con- 
dition that  tbe  temperatures  must  be  measured  from  the  abeolute 

Obviously  the  whole  energy  restored  is  proportional  to  tbe  ex- 
cess of  tbe  arithmetic  over  the  geometric  mean. 

Far  more  complex  analytical  theorems  m'ay  easily  be  proved 
by  means  of  tbe  above  process;  for  instance,  if  t,,  {,,...., 
c,,  ^  .  ...  be  any  pt^itive  quantities,  we  have 


<=.*.-K=.*.+ 


c,  +  <^+   . 


J>(V(.«' ).T 


4.  On  the  Dissipation  of  Energy,     By  Professor  Tait. 

The  paper  contains  some  curious  applications  of  tbe  principle  of 
dissipation  to  the  conduction  of  heat,  the  connection  of  heat  and 
electricity,  tbermo- electric  cnrrents,  the  electric  convection  of  heat, 
Sec.  But  in  this  ahstract  we  confine  onrselvea  to  one  very  simple 
case  of  the  conduction  of  heat,  as  the  bypotbesls  on  which  it  is  in 
vestigaled  is  fundamentally  assumed  in  all  the  other  applications. 
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If  an  iDfinite  plate  be  kept  pennaDetitly  heated  Id  layere,  each  of 
equal  temperature  throughont — the  temperature  riaiDg  gradually 
from  one  aide  to  the  other — the  hypothesia  ia  made  that  the  tem- 
peraturea  of  any  three  contiguone  layers  (of  equal  thickness)  bo 
adjuBt  themseWes  that  the  least  possible  energy  can  be  restored 
from  the  systsm  of  three.  From  this  it  immediately  follows  that 
if  X,  be  the  thickness  of  the  plat«,  1„  and  (,  the  (abeolute)  tempera- 
tures of  its  sides ;  and  if  the  specific  heat  be  the  aame  for  all  tem- 
peratures between  <„  and  f,:  the  temperature  (  at  a  distance  x  from 
the  side  at  t^  will  be 

But  if  k  be  the  conductivity  of  the  substance,  at  temperature  t, 
W6  have  for  the  flux  of  heat 


This  must  be  the  same  throughout  the  plate,  because  there  ia 
equilibrium  of  temperature,  and  therefore 


The  only  published  experiments,  so  far  as  I  am  aware,  by  which 
this  result  can  be  tested,  are  the  very  valuable  series  by  Forbes 
{TranM.  Boy.  Soe.,  Edin.  ISBl),  which  are,  unfortunately,  confined 
to  iron.  They  agree  uncommonly  well  with  the  above  theoretical 
result,  as  the  following  short  table  shows  : — 


I 

k 

H 

230°  C. 

0-0164 

4-76 

330° 

0-0130 

4-24 

400° 

0-0110 

440 

440° 

00105 

4-58 

476° 

0-0100 

4-76 

561° 

O-O090 

504 

Ko  account  has,  in  this  abstract,  been  taken  of  the  alteration  of 
specific  heat  with  temperature,  which  is  as  yet  only  approximately 
known,  but  which  is  applied  in  the  paper  to  account  completely  for 
the  increase  of  kt  with  temperature.    As  to  the  increase  of  kt  at 
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the  low  tempentnie  of  290°  C,  it  may  be  remarked  that  the  first 
two  or  three  nambers  in  Toibea'  table  ate  (aa  he  points  out)  pro- 
bably miioh  lesa  accurate  than  those  which  follow  them,  on  account 
of  the  temperatnre  at  which  they  were  obtained,  whioh  wss  bnt 
little  above  that  of  the  atmosphere. 

The  following  Gentlemen  were  elected  Fellows  of  the 
Society : — 

John  STBrBSBON,  Esq. 
HeT.  J.  F.  HoNTaoHBBT, 


Monday,  6th  April  1868. 
Peofebsob  KELLAND,  Vice-President,  in  the  Chair. 
The  following  Commanicatione  were  read  : — 

1.  On  the  Flow  of  Solids,  with  the  practical  application  in 
Porginga,  Ac.  By  M.  Treaca,  Suh-director  of  the  Conser- 
Tatoire  dee  Arts  et  Metiers,  Paris.  Commonicated  by 
T.  C.  Archer,  Esq. 

2.  On  the  Figures  of  Equilihrium  of  Liqaid  Films.     By  Sir 

David  Brewster. 

This  paper  is  a  continnation  of  that  read  on  4th  Febinary  1867, 
and  abeady  published  in  the  Transactions.  Instead,  however,  of 
the  liquid  films  being  formed  within  systems  of  wires,  hollow  glass 
Teasels  are  here  employed.  By  nsing  a  single  or  double  cone  of 
glass  open  at  both  ends,  and  inserting  within  it  small  bnbblep  blown 
from  a  qnill  or  tube  with  a  small  aperture,  regular  binarj,' ternary, 
or  quaternary  systems  of  films  are  produced.  Thne,  by  first  ob- 
taining a  plane  film  within  the  conical  vessel,  and  then  inserting 
upon  it  four  small  bubbles,  a  system  ia  produced  consisting  of  four 
hollow  films,  of  curious  cnrvatnre,  united  to  one  i^nother  respectively 
by  vertical  plane  surfaces,  and  connected  in  their  centres  by  a  com- 
mon  plane  film,  which,  by  adopting  certain  precautions,  may,  with 
a  little  caie,  be  made  to  assume  either  a  horizontal  or  a  vertical 
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position.  This  ByBtem  may  aptly  be  compared  to  that  prodnced 
within  the  wire  oube,  and  previoasly  'doBcribed.  The  analogy  of 
the  two  Bystema  may  be  further  carried  out  by  inserting  one  or 
more  email  bubbles  in  the  centre  of  the  eyBtem,  which  will,  accord- 
ing to  the  form  of  the  cone  employed,  asanme  a  form  approaching 
to  that  of  a  cube,  and  therefore  analogous  to  the  system  shown  in 
flga,  4  and  5  of  Plate  ixsiv.,  or  to  that  of  a  pyramid  (perfect  or 
truncated),  and  therefore  corresponding  to  the  aysteros  in  10  and 
11  of  the  same  plate. 

The  paper  contains  also  some  experiments  on  the  motions  of  films 
when  brought  in  contact  with  surfaces  of  glass  under  certain  con- 
ditions. Thus,  if  a  film  be  formed  on  the  mouth  of  a  wine-glass 
by  dipping  it  in  the  eolution,  and  be  then  covered  over  by  a  watch- 
glass  of  more  or  less  convexity,  so  long  as  no  contact  is  established 
between  the  film  and  the  watch-glass  no  change  will  take  place. 
But  let  the  wine-glass  be  inverted  bo  as  to  bring  the  film  into  a  ver- 
tical position  (the  watch-glass  being  meantime  kept  firmly  in  posi- 
tion by  the  thumb),  the  film  will  now  attach  itself  to  the  watch- 
glass  at  its  lowest  margin,  and  will  mn  up  its  inner  surface,  de- 
scribing thereon  a  series  of  curious  cnrree.  The  upper  part  of  the 
film  will  at  the  same  time  retreat  down  the  inner  surface  of  the 
wine-glass,  and  form  a  hollow  segment  of  a  sphere. 

The  cause  of  the  phenomenon  is  the  existence  of  a  drop  of  the 
solatiou  which  enters  the  wine-glass  in  the  operation  of  dipping,  and 
remains  at  its  bottom,  and  which,  when  the  glass  is  inverted,  runs 
down  as  far  as  its  margin,  and  there  comes  in  contact  with  the 
margin  of  the  film.  A  connection  is  thus  produced  between  the 
film  and  the  watch-glass,  which  originates  at  a  single  point,  bnt 
quickly  extends  in  the  manner  mentioned.  A  variety  of  further 
experiments  may  bO  made  on  the  film  thus  prodnced,  several  of 
which  ar?  described  in  the  paper. 

The  last  part  of  the  paper  consists  of  an  account  of  some  mis- 
cellaneous experiments  chiefly  on  the  tenacity  of  films  when 
brought  in  contiiCli  with  one  another,  or  with  surfaces  of  Suid,  and 
then  drawn  apart,  (tnd  the  forms  of  the  curves  which  in  snch  cir- 
cumstances they  assume. 

The  paper  is  illns^ated  by  a  number  of  coloured  sketches,  done 
for  the  author  by  a.  lady  residing  near  him  at  Uelroee,  who  also 


n,gti7cd  ay  Google 


0/ Edinbttrgh,  Semon  1867-68.  313 

prepaied  those  for  hts  previoiu  papers,  from  which  Plates  xxxiii., 
xxxiv.,  xzxT.,  and  xxxvi.  were  lithographed,  and  for  whose  kiad- 
nesa  and  trouble  the  author  desired  that  his  obligation  should  be 
mentioned. 

The  following  Grentlemen  were  elected  Fellows  of  the 
Society : — 

John  Dick  Pkdoik,  Eaq. 
Culonol  Setok  Guthsie. 
SucDBL  K^LBian,  Biq. 
TsoB.  Bhitr  Haouix,  M.D.,  F.aC.Pj:. 


Monday,  20th  April  1868. 

Professob  PLAYFAIB,  O.B.,  Vice-President,  in  the  Chair. 

The  following  GommunicationB  were  read : — 

1.  Notice  of  Works  designed  by  Sir  Charles  Hartley,  O.E. 
for  the  Improvement  of  the  Danube.  By  David  Stevenson, 
Civil  Engineer. 

Having  received  from  Sir  Charles  Hartley  aa  interesting  record 
of  the  works  executed  for  the  improvement  of  the  Dannbe,  to  be 
presented  to  one  of  the  Public  Libraries  in  Edinburgh,  I  think  its 
fittest  destination  is  the  Boyal  Society ;  and,  on  behalf  of  Sir  Oharles 
Hartley,  I  have  to  present  the  volumes  on  the  table  for  the  Society's 


It  may  not  be  uninteresting,  in  presenting  these  books,  to  de- 
soiibe,  in  a  very  few  sentencea,  the  work  that  has  been  executed 
for  the  improvement  of  the  Danube,  and  the  results  that  have  beeu 
obtained. 

In  1856  the  "  Europewi  Oommtssion  of  the  Danube  "  was  ap- 
pointed under  the  Treaty  of  Paris,  and  condsted  of  seven  delegates, 
repietentiug  England,  Austria,  France,  Prussia,  Russia,  Sardinia, 
and  Turkey,  and  its  object  was  to  improve  the  bar  of  the  river,  and 
open  the  navigation  to  the  traffic  of  all  nations.  The  Danube, 
after  flowing  over  a  course  of  1700  miles,  and  draining  SO0,O0O 
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aqaaie  milM  of  coautry,  entets  the  Blftck  Seft  by  thiee  Mparato 
mouths — the  northern  called  the  Kilia,  the  central  the  Solina,  and 
the  southern  the  St  Qeorge'e  month.  The  first  duty  of  the  Com- 
mission, with  the  adWce  of  Sir  Charles  Hartley,  who  was  appointed 
their  en^neer,  was  to  select  one  of  the  tbiee  months  for  improve- 
ment, vhich  was  by  no  means  an  easy  task,  as  each  of  them  pre- 
sented advantages  peculiar  to  itself,  and  after  much  considenttion 
the  Sulina  or  central  channel  was  selected,  and  although  consider- 
able  difference  of  opinion  existed  as  to  the  propriety  of  the  choice 
the  result  has  shown  that  tbe  course  adopted  was  judicious. 

What  gives  professional  interest  to  works  on  the  Danube  is  their 
object — the  improvement  of  a  bar  harbour,  in  all  cases  a  trouble- 
some engineering  problem,  due  probably,  in  some  meaauie  at  least, 
to  the  varying  circumstances  which  the  engineer  has  to  consider  in 
dealing  with  the  formation  and  improvement  of  ban.  In  this 
country,  for  example,  we  find  bar  harbours  at  tbe  Tyne,  the 
Wear,  and  other  similar  localities,  caused  by  tbe  storms  on  our 
coasts,  which,  by  the  action  of  the  waves  on  the  bottom,  throw  np 
sand  and  shingle,  and  but  for  the  scour  produced  by  other  agents 
a  continuous  line  of  beach  would  soon  be  formed  across  the  mouths 
of  our  tidal  riven  and  inlets.  Bat  this  action  of  the  sea  is  counter- 
acted by  the  scouring  flow  of  the  tidal  and  fresh-water  currents, 
which,  in  spite  of  the  waves,  tend  to  keep  open  a  deep  channel 
through  the  beach.  In  this  way  the  antagonistic  action  of  the 
waves  of  the  sea  on  the  one  hand,  and  the  currents  of  the  estuary 
or  rivei  on  tbe  other,  produce  the  well-known  feature  of  a  sub- 
merged beach  or  sand-bank  extending  across  our  inlets,  aud  having 
A  channel  through  them  of  more  or  less  depth,  acooiding  to  cir- 
cumstances, which  channel  is  termed  "the  bar."  The  conditions 
under  which  such  accumulations  are  formed  are  as  I  have  else- 
where stated : — * 

Itt,  A  bottom  composed  of  materials  easily  moved; 

2d,  Water  of  depth  so  limited  as  to  admit  of  the  waves  acting 
on  the  bottom  ;  and 

Zd,  Snch  exposure  as  shall  allow  of  waves  being  generated  of 
suffioieut  size  ta  operate  on  the  submerged  materials. 

But  in  such  places  as  the  Firth  of  Forth,  for  example,  before  the 
*  Eacfdopndift  BritUDic*,  Art  Tnlatd  fftuigalim. 
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first  two  of  theee  neoeBsary  conditione  occur,  viz.,  mfficient  shal- 
low water  and  piesecce  of  sand,  tlie  sea,  owing  to  the  configaration 
of  the  coast,  is  so  landlocked  that  waves  of  snfGcient  size  to  pro- 
duce the  third  condition  cannot  be  generated,  and  hence  in  the 
Forth  there  is  the  phenomenon  of  a  barless  river. 

At  the  Danube,  a  large  river,  discharging  in  ordinary  flood  no 
lees  than  twenty  millions  of  cubic  feet  of  water  per  minnte,  enters 
a  tidelesa  sea,  and  we  have  a  totally  different  class  of  phenomena 
to  deal  with.  The  river  brings  down  an  amonnt  of  detritus  which 
has  been  ascertained  by  Sir  Charles  Hartley  to  be  equal  to  27  cnbio 
inches  per  cubic  yard,  and  to  be  equal  to  no  less,  in  cases  of  high 
flood,  than  600,000  cnbio  yards  of  solid  deposit  in  24  hours.  Like 
the  Mississippi  and  the  Nile,  the  Danube  owes  its  extensive  delta 
to  the  gradual  accretion  of  this  sedimentary  deposit,  and  the  bar  at 
its  mouth  is  dne  to  the  some  action.  It  therefore  differs  entirely 
from  the  bars  in  this  oonntry,  as  is  well  exemplified  in  the  fact 
that,  whereas  in  our  harbours  the  bars  are  always  de^ett  when  the 
sea  is  calm  and  the  rivers  are  in  flood,  and  therefore  most  efficient 
as  Bcoaring  agents,  at  the  Danube  the  bar  is,  on  the  contrary,  in- 
variably thaUowett  when  the  river  is  in  flood,  because  it  is  then 
charged  with  a  larger  amonnt  of  deposit. 

Another  feature  of  difference  in  the  treatment  of  such  a  case  as 
the  Danube  is  to  be  found  in  the  circumstance  that  there  is  no 
reversal  of  the  current  due  to  tidal  influence,  and  therefore  it  is 
unnecessary,  in  fixing  the  direction  of  the  piers,  or  indeed  in  de- 
signing an;  of  the  works,  to  provide  for  the  admission  of  tidal 
water  to  act  as  a  scour  on  its  return  to  the  ocean,  a  provision  which 
always  demands  special  attention  in  designing  tidal  works  on  our 
coasts. 

The  works  executed  at  the  Sulina  mouth  consist  of  a  north  pier 
1640  feet  in  length,  and  a  south  pier  3000  feet  in  length,  both 
bniltofpMwesjMrAwa  surmounted  by  a  timber  sh^ng,  with  an 
entrance  between  of  600  feet,  and  the  sligbtness  of  their  structure 
indicates  the  modified  character  of  the  waves  to  which  they  are 


The  works,  which  are  nnderstood  to  haVe  cost  about  £100,000, 
ue  highly  creditable  to  the  talent  and  energy  of  Sir  Charles  Hart- 
ley, and  have  now  been  completed  for  five  years,  and  their  effect 
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has  been  most  satiaf&ctoiy,  as  proved  by  the  fact,  that  pievionH  to 
their  cODstnictioii  the  depth  on  the  bar  never  exceeded  11  feet 
and  freqaently  fell  to  8  feet ;  whereas,  aoooiding  to  the  last  ac- 
oonnte  from  Sir  Charles  Hartley,  the  depth  for  the  last  five  yean 
has  never  been  less  than  15  feet,  and  has  often  been  as  mnch  as 
17i  feet. 

It  ia  obvious,  however,  that  as  the  Danube  must  continae  to 
bring  down  an  enonnons  mass  of  detritus,  so,  in  course  of  time  the 
works  which  have  proved  so  Bucceasful  must  be  extended — an 
event  which  has  been  fully  anticipated  by  its  projectois,  and  in 
this  respect  we  find  an  interesting  difference  between  snch  works 
as  the  Dounbe  piers  and  the  harbour  works  of  this  country,  for 
here  the  object  being  to  prevent  the  waves  from  acting  on  the  bot- 
tom, the  engineer  extends  his  works  oat  into  a  depth  of  water 
where  there  is  little  or  no  disturbance  of  the  bottom,  and  if  this  is 
once  secured  he  may  calculate  on  the  increased  depth  of  water  re- 
maining permanent,  whereas,  at  the  Daanbe  the  piers  must  be 
projected  to  keep  pace  with  tbe  gradually  increasing  delta  at  the 
river's  mouth. 

2.  Remarks  on  two  Pyramid  Papers  in  the  last  published 
Number  of  the  "  Proceedings"  of  the  Kojal  Society  of 
Edinburgh.     By  Prof.  Piazzi  Smyth,  April  20, 1868. 

On  the  10th  of  March  last  I  bad  the  honour  of  receiving,  in  tbe 
usual  course  of  publication,  a  copy  of  the  75tb  Number  of  our 
Society's  Froceedmgt. 

Within  that  Number's  few  pages,  there  are  no  less  than  two 
distinct  eBsajrs,  mainly,  if  not  entirely,  on  "  the  Great  Pyramid, 
"  and  my  vieux  respecting  it." 

Both  these  essays,  though  by  able  and  ingenious  men.  Ate  yet 
nil  fortunately  based  to  such  an  extent  on  needlessly  imperfecf  data, 
that  the  superintending  Secretary  might  have  justifiably  rei  unied 
the  MSS.  to  their  respective  eminent  authors,  with  Buggesti(  ds  for 
improvement  in  the  improvable  particulara,  before  publishiuf  them 
under  the  auspices,  and  at  the  expense  of  the  Society.  ^ 

This  course,  however,  was  not  followed ;  and  the  words  of  l[friendly 
advice,  which  might  before  have  been  offered  in  private,,  jequire 
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now  to  be  stated  io  pnblio ;  for  not  only  have  the  printed  oopiee 
been  distribnted  amongst  the  memben,  bnt  one  oopy  having 
readied  the  "  Medical  Times"  of  London,  was  commented  on  thns 
definitively  in  its  impression  of  Uaroh  28, 1868 : — 

"  SIR  J.  Y.  SIMPSON  ON  THE  PYRAMIDS. 
"  It  is  characteristic  of  the  brilliant  and  diversified  gifts  of  the 
"  great  Northern  Frofeesor,  that  he  should  have  taken  in  band  the 
"  demolition  of  a  carious  notion  about  the  G-reat  Pyramid  of  £gypt, 
"  which  has  been  promulgated  by  Frofessor  Fiazzi  Smyth,  and  has 
"  fonnd  favonr  with  many  religious  pergooB.  That  notion  is,  that 
"  the  Pyramid  was  constructed  under  Divine  guidance,  to  show  to 
"  all  time  a  correct  standard  of  weight  and  measure,  and  that  the 
"  coffer  contained  in  the  central  chamber  is  an  inspired  measure  of 
"  capacity,  and  the  Base  of  the  pyramid  an  inspired  measure  of 
"  leugth,  having  a  definite  relation  to  the  earth's  polar  axis.  Sir 
"  James  Simpson  shows,  in  a  paper  read  be/ore  the  HoyaX  Society 
"  of  Edin^rgh,  that  the  Pyramid  has  all  the  characters  of  the 
"  huge  sepulchral  monuments  scattered  over  the  earth ;  that  the 
"  cofTer  in  the  King's  Chamber  was  a  sarcophagus ;  that  it  contained 
"  a  body  till  despoiled  by  the  Caliph  El  Mamoon  about  a  thousand 
"  years  ago;  that  it  is  irregular  in  form,  incapable  of  being  exactly 
"  measured,  and  hence  no  standard  of  measure.  In  fact,  any  one 
"  who  desires  a  treat,  in  seeing  how  a  thorough  '  erase'  is  melted 
"  away  before  common  sense,  should  read  Professor  Simpson's 
.  "  paper.  The  kind  of  argument  of  Frofessor  Fiazzi  Smyth,  to 
"  show  that  the  Pyramid  was  built  by  Noah,  is  one  which  we 
"  thought  peculiar  to  the  medical  profession  : — Noah  was  a  preacher 
"  of  righteouBnesB ;  a  just  system  of  weights  and  measutee  is 
"  lighteona :  ergo,  Noah  built  the  Pyramid  I " 

M.  WAGKEKBAItTH'S  PAPER. 
The  first  of  the  two  papers  printed  by  the  Society  appears,  in- 
deed, only  in  the  shape  of  an  abstract  of  the  original  essay;  was 
composed  by  a  native  of  Sweden,  and  is,  in  truth,  such  a  naive  pro- 
duction, in  the  total  want  of  knowledge  which  it  displays  of  the 
progress  of  all  Pyramid  research  during  the  last  three  or  four  years ; 
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— that  I  bave  thought  it  eoongh  to  send  the  author  a  letter,  nearly 
to  the  following  effect : — 

"  Dear  Sib, — I  have  read  to-day  your  oommunication  on  ihe 
"  Oreat  Pyramid  of  Jeesseh,  and  my  Vieva  eonceming  it,  in  the  75th 
"  Number  of  the  FroceediagB  of  the  Boyal  Society  of  Edinburgh 
"  (pp.  236-238). 

"  So  much  ability  appeare  in  the  Memoir,  that  I  regret  you  had 
"  not  something  better  to  work  upon  than  those  few  pagee  of  mine, 
"  written  four  years  ago,  especially  as  I  have  since  then  visited  the 
"  Great  Fyraroid,  examined  it  steadily  duiing  four  months,  and 
"  published  the  results  last  year  in  full. 

"  Tour  tiiiie  would  surely  be  more  usefully  spent  in  criticising 
"  what  I  now  maintain,  and  have  myself  measured  at  the  Great 
"  Pyramid,  than  in  running  down  details  which  I  have  long  since 
"  discarded,  because  proved  to  be  without  sufGcieot  foundation. 

"  Some  important  leading  points,  however,  both  in  theory  and 
"  induction,  which  I  still  hold  implicitly,  and  always  have  held, 
"  with  regard  to  the  Great  Pyramid,  since  I  first  published  any- 
"  thing  upon  it — you  seem  to  have  entirely  failed  to  apprehend. 
"  As,  for  instance,  the  very  broad  and  striking  fact,  that  none  of 
"  the  standards  deduced  from  the  Great  Pyramid's  earth-com- 
"  meusurabilitiea,  are  similar  to  those  of  the  idolatrous  Egypt  of 
"  history.  Even  the  stars  of  reference  in  the  sky,  are  absolutely 
"  and  totally  different.  The  very  essence,  in  fact,  of  the  Great 
"  Pyramid  theory,  as  to  its  earth-founded  weights  and  measures 
"  is,  that  they  are  actively  opp<wed  to  those  of  profane  Egypt,  and 
"  could  not  have  been  invented  by,  nor  were  they  ever  knowu  to, 
"  any  of  her  idolatrous  sons, 

"  Therefore  you  do  not  bring  up  anything  new,  either  to  the 
"  theory  or  myself,  when  you  discover  and  publish  that  some  one 
"  in  particular  of  the  Great  Pyramid  standards  was  not  in  general 
"  use  in  ancient  Egypt.  Nor  again  do  yon  really  injure  my  next 
"  argument  about  the  high  antiquity  of  the  British  incA,  by  show- 
"  ing,  as  I  also  had  done,  that  our  yard  is  of  comparatively  recent 
"  origin. 

"  If  yont  special  desire  is  to  upset  the  metrical  theory  of  the 
"  Great  Pyramid,  prove,  if  you  can,  that  I  am  largely  wrong  in 
'  thoae  measures  of  length  and  angle  throughout  the  building,  on 
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"  which  the  theory  ia  mainly  founded, — «D,d  you  may  succeed  in 
"  yonr  design ;  eepecially,  too,  if  you  cao  explain  all  the  loeU- 
"  meaaured  and  already  explained  facts  still  mora  accniately,  on 
"  some  other  single,  consistent,  and  conneoted  theory. 

"  Bnt  if,  in  place  of  doing  any  of  these  things,  you  merely  pro- 
"  dace  more  specimens  of  the  uoloted  and  perverse  examples  which 
"  appear  at  the  close  of  your  paper,  wherein  you  go  off  to  new  and 
"  separate  sabjeots  on  every  occasion,  and  by  mnch  trying,  succeed 
"  at  last  is  catching  a  single  coincidence  of  a  purposely  ridiculoua 
"  character  each  time,— do  not  flatter  yourself  that  yon  ore  theraby 
"  reducing  to  an  absurdity,  on  mathematical  principles,  the  whole 
"  Great  Pyramid  theory;  whose  strangth  consists — not  only  in  the 
"  large  number  and  mutually  conneoted  character,  of  the  series  of 
"  close  coincidences  with  a  united  and  consilient  purpose,  which  it 
"  proves  between  that  primeval  building  and  natoie, — but  also,  in 
"  the  universal  earth -importance  of  the  thinge  and  system  there 
"  symbolized :  and  I  remain,  i&o.  &c.  i&c." 

The  gentleman  addressed  in  the  preceding  letter,  has  duly 
returned  me  an  answer,  wherein  he  acknowledges  his  want  of 
acquaintance  with  recent  Pyramid  explorations,  so  honestly,  that  I 
have  had  nothing  else  left  me  to  do,  than  to  ask  his  acceptance  of  a 
copy  of  my  "  Life  and  Work  at  the  Qieat  Pyramid ;"  and  the 
volumes  went  off  to  bim  accordingly,  lost  week, 

SIR  J.  Y.  SIMPSON'S  PAPEK. 

So  far  then  for  the  first  of  these  two  essays,  in  its  shortness  and 
simplicity. 

Very  far  otherwise,  however,  must  be  the  second  essay,  when  it 
extends,  though  professedly  only  an  abstract,  to  no  less  than  twenty- 
six  pages ;  is  written  by  a  home-member  and  well  instructed,  of  this 
Society ;  and  is  entitled  at  page  243, — 

"  Pyramidal  Struchtns  in  Egypt  and  ehewhere,  and  the  ohjeda 
"  of  their  erection," 

That  is  the  printed  title;  yet  aiteronly  two  pages  on  such  pro- 
posed extensive  subject,  all  the  other  twenty-four  pages  are  filled 
up  with  hardly  anything  else  than  severest  animadversion  upon, 
merely  the  one  Great  Pyramid  of  Egypt  and  myself. 

I  trust  that  I  shall  not  be  accused  of  conceit  for  saying  in  such 
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company  myielf,  seeing  that  in  the  conrse  of  those  twenty-fanr  p^^s 
my  name  ia  printed  no  less  than  85  times;  and  there  are  not  fewer 
than  70  cases  of  extracts  in  inverted  commas,  from  some  one  or 
another  of  mj  several  Pyramid  writings  during  four  years  past, 
besides  paasBges,  ideas,  facts  and  numbers  more  numerona  still, 
similarly  derived,  but  without  the  commas  I 

Such  a  masked  battery  against  one  individual,  waa  probably  never 
before  opened  in  the  pages  of  a  journal  intended  for  the  advance- 
ment of  science  alone ;  and  yet,  if  its  iire  had  been  directed  against 
actnaL  and  positive  errors,  not  only  might  the  previous  masking  of 
the  battery  under  anothertitle  have  been  condoned,  but  great  praise 
and  extensive  tbanka  would  have  been  due  to  its  engineer — so  all- 
important  in  the  present  day  of  earnest  prosecntiona  of  science  is  it, 
that  the  pathways  of  knowledge  ahould  be  cleared  of  every  fault, 
slip,  or  mistake  of  each  of  its  previous  cultivatora.  After  having, 
however,  carefully  read  the  twenty-four  accusatory  pages,  I  am 
sorry  to  say,  that  the  general  effect  on  my  mind,  is  not  admiration 
at  the  clear  proofa  of  error  afforded,  so  much  as  astonishment  at  the 
ingenious  and  intricate  manaer  in  which  an  opposite  meaning  is 
given  to  the  majority  of  those  very  numerous  extracts  just  alluded 
to,  than  what  I  had  intended  them  to  convey. 

This  fact  may  imply,  that  my  style  of  writing  was  imperfect ;  and 
perhaps  it  was ;  seeing  that,  like  most  scientific  authors,  I  wrote  for 
those  only  who  were  anxious  to  understand  me.  Sad  loss  of  time  too 
would  it  be,  and  needless  extension  of  treatises,  to  attempt  anything 
further ;  for  we  see  elsewhere,  that  after  the  best  lawyers  of  the 
land  have  striven  to  make  the  wording  of  some  A.ct  of  Parliament  as 
exact  and  stringent  as  possible,  common  report  tella  that  other 
clever  men,  but  of  rather  perverse  inclinations,  very  soon  contrive 
to  find  out  how  to  drive  a  "coach  and  four  horses"  through 
that  very,  and  the  self-same,  expensive  piece  of  parchment. 
And  if  those  clever  men  aro  further  allowed  to  cut  up  the  one 
Act  of  Parliament  they  are  attacking,  into  ^notations  of  any  num- 
ber of  words,  from  one,  to  two,  three  and  upwards,  and  distribute 
them  confusingly  among  similar  ahreds  of  certain  abrogated  Acts, 
and  other  still  more  extraneous  matter  also, — you  may  easily  ima- 
gine what  an  erroDcous  view  of  the  existing  law  of  the  land  could 
easily  be  prepared;  but  also  bow  totally  unusual  such  a  method 
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wonld  be  conBidered    among   scientific    men    in    the   cause  of 
science. 

Tet  Bomething  closely  approacbing  the  above  has  been  enacted  in 
the  second  Proeeedingi'  treatise ;  where  little  extracts  of  my  last 
and  completest  book,  are  mixed  up,  generally  withoat  distinction  or 
leference,  with  portions  of  my  earliest,  crudest,  and  now  super- 
seded books  and  papers,  on  the  same  subject ;  and  with  bits  of  the 
late  Ur  Taylor's  book,  which  bits  I  never  accepted  at  all. 

To  prove  each  and  every  one  of  the  almost  innumerable  cases  of 
altered  meaning  thus  produced,  would  require  more  time  than 
either  the  Society 'is  likely  to  grant,  or  I  have  to  spare ;  but  I  will 
attempt  to  separate  and  exhibit  a  few,  as  samples  of  the  rest ;  and 
also,  point  out  whatever  of  new  and  important  matter  for  onr  know- 
ledge of  the  Great  Pyramid,  the  essay  appears  in  my  judgment  to 
possesa. 

UTERART  POINTa 
(1) 

Among  more  purely  literary  matters,  I  would  mention  first, 
and  with  much  commendation,  the  author's  reminder  at  p.  260, 
of  both  Cassini  (in  a  book  published  in  Amsterdam  in  1723),  and 
Callet  (in  Paris  in  1795),  having  proposed  "  that  the  Polar  axis  of 
the  earth  should  be  taken  as  til's  standard  of  measure." 

I  was  not  previously  aware  of  their  having  so  done;  and  have 
not  even  yet  been  able  to  obtain  a  sight  of  Cassini's  book.*  But  a 
friend  in  London,  who  has  kindly  searched  for  it  at  the  British 
Museum,  informs  me  that  the  statement  is  not  quite  exact, — for 
Cassini  does  not  allude  to  the  Polar  axis  or  semi-axis  for  the  pur- 
pose, bat  merely  to  a  general  Bemi-diameter  of  the  earth ;  and  he 
appears  to  have  shared  in  theacientiflc  uncertainties  of  most  or  all 
men  of  the  period,  as  to  whether  the  earth  is  flattened  or  elon- 
gated at  the  Poles. 

The  case  is  interesting,  therefore,  as  setting  limits  to  the  date 
at  which  modem  science  could  have  begun  to  single  ont  the  Polar 
axis  as  a  unique  length  in  the  earth  and  appropriate  to  form  a 

■  After  baring  failed  in  procuring  the  book  at  the  chief  pnblie  libraries 
in  Edinbnrgh,  toy  venerable  and  learned  frieod  Ui  Daun  haa  fonnd  it 
iimnngst  hia  collection  of  volnable  French  matbematicHl  norka :  and  having 
kindly  lent  it  to  me,  1  cau  verify  tbs  account  wbicb  follows. 
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reference  for  linear  measure.  But  it  does  not  touch  the  completely 
iDdependent  question  in  the  Utter-day  theory  of  the  ancient  Great 
Pyramid,  as  to  whether  such  a  standard  was  known  to  the  primeval 
designer  of  that  monument  4000  years  ago. 

All  the  parties  msutioned  do,  indeed,  propose  to  divide  a  quantity 
obtainable  from  the  earth,  into  ten  million  parts;  but  the  rod  or 
cubit  developed  in  that  manner  was  not  still  further  proposed  to  be 
subdivided  by  either  Cassini  or  Caltet,  in  the  very  peculiar  manner 
now  attributed  to  the  architect  of  (he  Great  Pyramid :  and  his 
method,  if  it  can  be  proved,  must  have  bad  a  character,  origin,  and 
priority  entirely  its  own. 

Next,  Sir,  I  have  to  confess,  that  when  speaking  of  that  ten- 
millionth  part  of  the  earth's  Polar  radius,  as  realised  for  its  length 
only,  by  a  cubit  rod  of  25  inches  ±"1, — when  speaking  of  it  in 
that  sense  and  in  some  stray  sentence,  in  some  one  or  another  of  my 
books,  I  know  not  which,  nor  by  what  accident  the  error  occurred, 
— ^the  word  extraordinary  was  printed  instead  of  extraordifMrily  t 

At  least  BO  I  gather,  because  the  author  of  the  paper,  at  his 
p.  260,  drags  up  the  word  extraordinary,  prints  it  conspicuously  in 
italici,  puts  a  «c  in  a  parenthesis  after  it,  and  publishes  that  de- 
nunciation of  his,  of  what  he  would  indicate  as  the  abominable 
vulgarity  in  me,  viz.,  of  saying  that  something  was  "  extraordinary 
convenient ; "  and  he  publishes  the  shocking  phrase  as  a  necessary 
part  of  his  treatise  on  a  scientific  subject. 

Ml  Chairman,  and  gentlemen, — I  acknowledge  before  you  all,  that 
it  is  a  grievotu  fault  in  polite  circles,  to  use  extraordivary  instead 
o( extraordinarily,  vheu  the  latter  is  the  right  word  to  be  used;  and 
my  thanks  are  due  to  that  acute  individual  who  has,  it  would 
seem,  both  detected  the  error,  and  made  a  scare-crow  of  it  before 
the  pnblio.  An  error  light  as  air  perhaps,  hut  admirably  adapted 
on  that  very  account  to  act  as  a  mjid-vane;  and  thereby,  even  to 
react  on  the  acute  individual,  so  as  to  show  the  world  whether  the 
current  of  his  thoughts  was  setting  purely  towards  the  promotion 
of  science  for  its  own  sake,  when  he  'was  writing  the  remarkable 
essay  now  printed  in  the  Society's  Proceedinge. 

As  to  myself,  I  should,  of  course,  like  amazingly  to  correct  this 
sad  error  in  my  hooks,  wherever  it  exists;  but  unhappily, no  refer- 
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eiice  beiDg  given,  I  have  not  been  able  to  find  it.  I  have,  indeed, 
come  upon  a  passage  in  the  3rd  volume  (p.  135)  of  my  lut  book, 
"  Life  and  Work  at  the  Great  Pyramid,"  identical  almost  void  for 
void  with  the  passage  accused,  except  in  this,  that  it  has  not  the 
vulgarism  extraordinary,  but  the  right  word  in  that  place,  or  extra- 
ordinarily. 
Can  the  Council  asaist  me  in  finding  where  the  real  sin  may  lie? 

Here  is  the  accnaation  in   their      And  here  is  the  passage  in  my 

printed  Froceeditigi,  p.  260.  volume  iii.  p.  13S  of  "  Life  and  Work 

"  at  the  Great  ^iBmid,"iTluch  seems 

to  be  the  one  referred  to,  but  does  not 

contain  the  evil  thing  attributed  to 

it:— 

"  An  extraordinary  (sic)   conve-        "  An  extraordinarily  ooEveniant 

"  nient  length,  too,  for  man  to  handle    "  length  too,  fi>r  man    to  handle 

"  and  nse  in  the  common  atbirs  of    "  and  use  in  the  omnmon  afbiis  of 

"  life,  is  the  oneten-miUionUiofthe    "  life,  is  the  one  ten-millionth  of 

"  earth's  semi-axiB  of  rotation  when    "  the    earth's   serai-axis   ot    rota< 

"  it  comes  to  be  realised,  for  it  is    "  tiou,  when  it  comes  to  be  realized 

"  extremely  close  to  the  ordinaiy    "  (as  a  linear  standard) ;  for  it  is 

"  hnman   arm,  or  to  the  ordinary     "  extremely  close,  either  to  tiie  hngA 

"  hamanpace,inwalkingwithapnr-    "  o/ the  ordinaiy  hnman  arm,  or  to 

"  pose  to  measure."  "  the  ordinary  human  pace,  in  walk- 

"  ing  with  a  purpose  to  measure." 

Foi  the  more  complete  nnderstuidiDg  of  my  version  of  the  ori- 
ginal sentence — taken  away,  as  it  is  here,  from  the  other  ssntenoes 
of  its  par^aph  in  its  own  book — I  have  inserted,  in  parentheais,  the 
words  "  as  a  linear  standard  "  after  "  realized  : "  because  a  main  pur- 
port of  the  whole  is  to  show,  that  the  modern  French  metre,  being 
nearly  39  inches  in  length,  is  too  long ;  and  the  ancient  Egyptian 
oubit,  only  20"7  inches  in  length,  too  short ;  but  the  Great  Pyramid 
cubit,  being  25  inches  long,  is  most  appropriate  and  handy  to  use 
as  a  measnring  rod.  And  I  have  called  attention  above  by  ittdia  to 
the  woids  "  either  to  the  length  of,"  which  are  found  in  my  book, 
and  assist  the  above  intended  meaning,  but  are  omitted  in  the 
oondemnatory  Proceeding»'  edition. 
(3.) 

Lastly,  I  would  remark  nnder  the  literary  beading,  that,  in  the 
general  description  given  by  the  Proceeding*'  anthoi  of  the  present 
exterior  of  the  Great  Pyramid,  I  am  specially  quoted  for  the  words 
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"  now  it  is  BO  injured  ait  to  be,  in  the  eyes  of  aome  passing  travellere 
"  little  better  than  a  heap  ofatouea."  And  theeeaa;  then  pro- 
ceeds, in  the  spirit  of  that  statement,  utterly  to  confound  the  tme 
figure  and  peculiar  struoture  of  the  Great  Pyramid,  with  etindTy 
mere  rounded  heaps  of  loose  or  soft  material,  sometimes  having 
rude  chambers  inside  them,  and  sometimes  not,  in  various  parts  of 
the  world. 

It  may  be  quite  true,  that  in  one  portion  of  my  largest  book, 
where  I  was  anxious  to  let  every  side  of  the  question  appear  in 
order,  the  above  few  quoted  words  are  to  be  found.  But  are  there 
not  also  pages,  and  pages,  and  pages  giving  much  broader  records 
of  the  other  side  of  the  qaestioQas  well;  giving  my  own  experience, 
for  instance,  through  months  of  patient  observation,  on  the  me- 
chanical excellence  and  conBcientiona  performance  of  the  masonry 
courses,  both  composing  the  Great  Pyramid's  present  faces  and 
general  body,  and  contributing  towards  one  of  its  most  important 
symbolizations  ? 

How  many  times,  too,  have  I  not  had  exhibited  before  large 
public  meetings,  both  in  Edinburgh  and  various  cities  of  Scotland, 
amongst  other  of  my  own  photographs  of  the  Great  Pyramid, 
several  which  were  specially  adapted  to  display  that  astonishing 
regularity  which  extends,  with  a  purpose,  throughout  each  of  the 
gigantic  courses  of  squared,  cemented,  horizontal,  hard  masonry? 
And  yet  all  this  accumulated  evidence  of  various  kinds,  in  favour 
of  an  ancient  excellence,  is  to  be  annihilated, — for  what?  For 
half  a  dozen  words  attributed  to,  merely  "  some  passing  travellers;" 
and  the  acoounte  of  passing  travellers  at  the  Great  Pyramid,  are 
again  and  ogEun  shown,  in  the  same  book,  to  be  almost  always  un- 
trustworthy and  liable  to  gross  mistake. 

Hence,  it  is  quite  clear  that  the  damaging  extract  to  the  Great 
Pyramid,  picked  out  of  my  book  aud  printed  as  above,  does  not 
exhibit  the  general  sense  and  total  conclusion  of  my  whole  book 
on  the  particular  point  concerned,  but  rather  the  very  opposite. 
And  the  superabundant  literary  acumen  which  induced  a  gent1»- 
man  to  make  so  much  use  of  the  word  exlraordinajy  instead  of 
eairaoTtlinariltf  in  a  minor  and  rather  problematical  case,  has  failed 
him  totally  on  a  grander  occasion. 
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Nor  do  I  see  an;  prospect  of  that  gentlemaD  ever  UDderetandiDg 
the  mode  of  constrnctioD  of  that  nobleat  work  of  the  world  1000 
years  ago,  viz.,  the  Great  Pyramid;  and  how  vastly  it  differs  from 
all  the  moats,  .tnmnli,  howes  and  barrows  which  be  will  insist  on 
oomparing  it  to,  and  confnaing  it  with,*  until  he  has  himself  both 
ascended  and  descended  the  ancient  monament,  cltmhing  up  each 
of  the  Bteep  steps  of  ita  colossal  masonry  conrses  (without  any 
assistance  from  Arabs  or  other  attendants),  and  measuring  every 
such  step  carefully,  from  bottom  to  top  of  the  pyramid,  and  top  to 
bottom;  and  comparing  such  collections  of  measures,  made  on 
every  face,  and  every  arris  line  of  the  atmcture. 

A  long  and  painful  process,  and  perhaps  a  little  dangerous; — 
but  one  whose  teaching  cannot  be  ignored  by  any  unwilling 
scholar,  so  easily  aa  the  contents  of  a  printed  book. 

*  As  to  the  total  diTersit;  in  qnalit;  of  conetmction  between  the  Great 
Pyiamid  of  Egjpt,  and  the  little  more  than  monnda  of  mad  and  pebble  ilones 
forming  the  barroWB  of  Ireland,  frequent  teetimoniee  are  borne  in  the  Tolumes 
of  Colonel  Howard  Vyse-^volnmea  known  to  the  Proeetdingt'  author,  bat 
seldom  qnotedbjhim,  when  the;  tend  toeleTaleODe'sconceptioDs  of  the  Great 
Pyramid.  As  an  example  of  the  ver;  important  characlei  of  gome  of  these 
omitted  witneases  to  exceodiog  perfection  of  work  in  one  of  tho  earliest,  if 
not  the  very  earliest,  of  alone  buildings  now  eiiating,  or  ever  existing,  upon 
the  earth ;  and  which  haa  atood  there  through  all  the  b^man  hiatoric  period, — 
an  august  witneaa  of  what  took  place  under  the  sun  in  primeval  agea  of 
which  we  bave  no  other  coutemporar;  record,  I  insert  the  following  from 
pp.  261  and  262  of  the  flrst  volume  of  Colonel  Howard  Vyse's  "  Pyramids  of 
Oizeh."  The  Colonel  is  apeakiDg  of  the  two  casing  etonee  which  he  dia- 
coTered  by  eicaTatiog  down,  through  the  mbbish  accnmnlated  in  modem 
timea,  to  the  middle  of  the  north  aide  of  the  base  of  the  Qreat  Pyramid ; 
and  says  of  them — 

"  They  were  qoite  perfect,  had  bean  hewn  into  the  required  angle  before 
"  they  were  built  in,  and  had  then  been  polished  down  to  one  uniform  sur- 
"  face;  the  joinla  were  acarcelyperceptible,  and  not  wider  than  the  thickness 
"  of  silver  paper ;  and  such  is  the  tenacity  of  the  cement  with  which  they 
"  are  held  together,  that  a  fragment  of  one,  that  has  been  destroyed, 
"  remained  firmly  fixed  in  its  original  alignement,  notwithatanding  the  lapse 
"  of  time  and  the  violence  to  which  it  had  been  eipoied.  The  pavement 
"  beyond  the  line  of  the  building  was  well  laid,  and  bcAutifully  finished ;  but 
"  beneath  the  edifice  it  was  worked  with  even  greater  exactness,  and  to  the 
"  most  perfect  level,  in  order,  probably,  to  obtain  a  lasting  fonndation  for  the 
"  magnificent  structure  to  be  built  upon  it.  I  consider  that  tho  workmon- 
"  ship  displayed  in  the  King's  Chamber,  in  this  pavement,  and  in  the  casing 
"  atones;  ia  perfectly  unrivalled;  and  there  is  no  reason  to  doubt  that  the 
"  whole  exterior  of  this  vast  stmcture  was  covered  with  the  same  excellent 
"  masonry."  , 
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inJMERICAL  POINTS. 
TheCoi^. 

What  has  now  been  meDtioned,  is  a  prevailing  characteristic  of  the 
literarypartB  of  this  second  ProeeaJtn^a' paper;  as  readers,  who  can 
spare  the  time,  will  find  on  tracing  np  the  quotations  to  the  original 
contexts  in  my  books.  More  quickly  provable  matters,  however, 
are  alluded  to  nnder  the  headings  dealing  more  particularly  with 
meaauraiion  affairs.  Therein,  too,  although  the  anthor  begins  by 
saying  (p.  247),  that  he  approves  of  the  Society  having  conferred 
the  honour  of  tbeii  £eitb  Medal  upon  me,  for  my  measures  at  the 
Great  Pyramid, — yet  within  a  couple  of  pages  after  that,  he  attacks 
those  measures  bitterly,  especially  as  touching  the  coffer  in  the 
King's  Chamber ;  and  be  would  make  them  out  to  be  disgraceful, 
rather  than  creditable.  For  whereas  I  had  cited,  as  he  implies, 
before  going  to  Egypt,  twenty-five  different  observers, — whose 
measures  of  the  coffer  differed  irreconcilably,  and  by  monstrous 
differences, — ^yet  when  I,  a  twenty-sixth  observer,  measured  it, 
my  observations  also  differed  from  every  other  person's,  were 
apparently  no  better  than  any  of  them,  and  made  a  previous  con- 
fusion only  worse  confounded. 

Now  my  meaauree  did  indeed  differ  from  those  of  every  preced- 
ing traveller,  in  this,— that  they  were  perhaps  fifty  times  more 
numerous.  And,  by  multiplying  them  over  every  part  of  the 
coffer, — I  was  enabled  both  to  show  what  were  the  limits  of  varia- 
tion in  the  structure  itself; — and  also,  to  prove  that  all  those  older 
recorded  measures  which  differed  from  certain  mean  quantities  by  a 
whole  inch,  or  even  half-an-inch  (and  some  of  them  varied  from  the 
same  in  any  number  of  inches  from  two,  four,  and  upwards  to  BO 
many  as  forty),  were  sheer  mistakes  on  the  part  of  the  obBervers : 
some  of  whom,  it  should  be  stated  in  apology  for  them,  lived  far 
back  in  the  16tb  century,  and  had  guessed  the  lengths  rather 
than  measured  them;  not  having  any  idea  of  the  importance  of 
extreme  accuracy,  touching  what  appeared  to  them  generally, — 
merely  as  a  burial  sarcophagus  or  cofSn. 

Jrre^ulttnttu  of  the  Goffer. 
This  important  limitation  in  old  asserted  differences  of  the  chief 
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dimeoBioiia  being  thus  accomplished, — I  next  eotered  into  an  ex- 
aminatioD  of  certain  retidual  features,  of  the  coffer. 

1.  Thefirtt  of  these  consisted  in  modern  breakages,  lamentably 
large,  but  sufBciently  simple  to  inquire  into. 

(Tbe;  are  shown  in  this  model  which  is  ■^  the  linear  size  of  the 
real  coffer,  also  in  the  frontispiece  to  vol.  i.  of  my  "Life  and 
"  Work  at  the  Great  Pyramid.") 

2.  Tbe  leeond  class  was  caused  by  traces  of  a  Udge  cut  inside 
the  top  of  three  sides,  and  all  acroas  the  fourth  side  of  the  coffer. 

(In  this  2nd  model,  the  breakages  being  restored,  the  ledge  u 
exhibited  more  clearly;  they  are  also  shown  in  the  frontispieoa 
plate  of  vol.  i.  of  above  work.) 

Now  this  ledge  has  a  little  history  connected  with  it. 

Trusting  to  ProfesBor  Greaves,  the  great  French  work  on  Egypt, 
and  other  aathoritiea,  I  had  unfortunately  described  the  coffer  as 
without  any  ledge,  he/on  I  went  to  Egypt.  But  on  afterwards 
seeing  the  ooffer  there,  I  found  that  it  had  traces  of  a  ledge.  On 
my  return  to  this  country,  I  discovered,  in  a  book  of  thirty  years 
ago,*  a  notice,  short  and  imperfect,  but  still  a  notice,  to  the  same 
ultimate  effect. 

Od  finding  these  things,  I  both  got  that  book  added  to  the 
Oollege  Library, — called  much  attention  to  it  in  my  own  Pyramid 
book  of  last  year ;  and  published  my  own  observations  of  the  ledge 
with  numerous  particulars,  both  in  description  and  in  measure, 
down  to  hundredths  of  inches,  in  a  manner,  and  with  a  complete- 
ness never  before  attempted  by  any  one,  so  far  as  I  am  aware. 

After  all  this  has  been  before  the  public  for  nearly  a  year,  the 
Proe«eding»'  author  republishes  at  page  252, — and  as  if  elsewbera 
ascertained — some  of  my  own  particulars ;  and  adds  to  them  so  much, 
of  tbe  defective  notice  in  the  old  book  just  mentioned,  as  to  extin- 
gnish  a  very  radical  difference  really  existing  between  tbe  ledge  of 
the  coffer  in  the  Great  Pyramid,  and  the  ledges  on  the  sarcophagi  in 
all  the  other  Pyramids  of  Jeezeh.  And  which  difference  in  form 
produces  this  variation  in  effect. 

*  An  enormoua  folio  book  or  portfolio,  nsnallj  tenned  Perrmg't  Pialf  i^ 
tha  PsfTomidt,  and  coDtainin);  man<r  excellent  litbographB  of  them  from  hii 
drawings;  bnt  the  book  hu  got  ap,  and  ita  letterpress  edited  b;  Colonsl 
Howard  Yjm,  and  inolndw  aontribtitioos  thim  Dr  Birch,  Mr  Lane,  and  Mr 
Andrawe  •«  well. 

VOL.  VI  2  U 
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WhflD  you  put  do  the  cover  of  one  of  these  smaller  pjrTamid 
Mrcoph^,  the  oombination  of  acute-angled  grooves  and  falling 
pins  fixes  and  locks  the  lid,  in  a  manner  moat  iniitable  to  the  safe 
preserration  of  the  contents  of  a  bnriol  saicophsgos  or  coffin. 

But  when  you  put  on,  to  a  true  model  of  the  restored  eoffier  of  the 
Great  Pyramid,  any  sort  of  sarcophaguB  lid  prepared  suitably  to 
its  rectangular  groovee, — such  lid  has  no  fixing  power,  and  can  be 
lifted  up  with  the  utmost  ease ;  or  in  a  manner  very  unsuitable  to 
the  usual  duty  of  a  pure  coffin-lid. 

Moreover,  such  a  lid  seems  most  untoward  to  the  coffer  in  its 
place  in  the  King's  Cbamber;  because,  while  the  doorway  is  of 
such  A  boigbt  as  only  jiut  to  allow  the  coffer  to  pass  through  as  a 
lidless  box,  or  in  the  state  in  wbloh  every  known  historian  has 
invariably  described  it,~^ut  on  a  lid,  prepared  in  modem  times 
according  to  the  proportions  of  the  lids  of  sarcophagi  of  that 
period,  and  yon  can  neither  get  the  vessel  into,  or  out  of,  the  room ; 
by  an  amount  too  of  5  or  6  inches  of  solid  granite,  for  that  is  the 
space  by  which  the  doorway,  more  than  100  inches  thick,  is  then 
too  low  to  admit  the  lidded  or  sarcophagised  coffer. 

8.  A  third  subject  of  my  minute  examinations  of  the  coffer,  con- 
sisted in  certain  small  residual  but  original  errors  or  defalcations 
in  its  figure,  from  a  pure  geometric  form  ;  and  these  are  generally 
BO  slight,  or  are  effected  by  curves  of  such  long  radius,  as  to  have 
escaped  all  my  predecessors. 

Tet  some  gentlemen  at  home,  are  not  always  easy  to  please. 
And  when  I  supplemented  in  my  printed  book  some  of  these  addi- 
tional numbers  of  mine,  by  a  further  verbal  warning, — intended  for 
those  who  are  not  yet  much  experienced  in  the  coffer's  peculiari- 
ties,—the  Argus-eyed  Proceedingi'  author  immediately  quotes  me, 
at  his  p.  251,  for  the  warning,  or  that,  if  the  sides  of  the  coffer 
were  calipered  lower  down  thMi  the  usual  plaoe  of  measuring,  they 
might  present  a  notably  different  thickness  to  those  who  measure 
to  two  places  of  decimals  of  an  inch,— and  then  adds  his  own 
deep  insinuation  of  blame  against  me,  "  though  it  does  not  appear 
"  why  they  were  not  thus  calipered." 

Pray  allow  me,  Mr  Chairman,  cheerfully  to  explain  to  you  why, 
and  how,  they  both  were,  and  were  not,  cali)>ered. 

They  were  not  actuaVy  so  calipered,  because  I  could  not  obtain 
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wheD  the  idea  occurred  to  me  out  there,  the  unusual  tiize  of 
calipers  that  would  have  beeo  required,  by  f^plj^iog  to  the  scanty 
resources  for  civilized  life  existing  in  the  Libyan  desert.  But  the 
coffer  sides  were  virtually  so  calipered,  by  the  ineaRUres  which  I 
took  both  inside  and  outside,  with  such  apparatus  as  I  had  with  me ; 
and  any  one  who  is  desirous  of  ascertaining,  within  small  limits, 
what  the  sides  of  the  coffer  would  actually  caliper  at  the  place 
indicated,  has  only  to  project  my  printed  observations,  and  see. 

CUBIC  CONTENTS  OF  THE  COFFER. 

Uy  own  chief  object,  however,  was  not  so  much  to  get  the  thick- 
ness of  the  coffer's  sides  at  one  special  point,  as  to  ascertain  the 
whole  cubical  contents  of  the  original  vessel. 

Now  thosesmallrestcJuaffeatureBJust  mentioned,  and  which  I,  by 
myself,  have  been  chiefly  instrumental  in  bringing  to  light,  having 
been  used  by  the  Proceedings'  author  out  of  my  own  pages,  for  the 
purpose  for  calumniating  the  ancient  coffer,  and  implying  (p.  252) 
that  its  cavity  is  "  of  a  form  utterly  unmeasurable  in  a  correct  way 
"  by  mere  lineal  measurement,"  and  pronouncing  it  to  be  (p.  254), 
, "  in  simple  truth,  nothing  more  and  nothing  less  than — an  old  and 
I"  somewhat  misshapeu  stone  coffin," — a  dutydevoUes  on  me  to 
show,  both  within  what  limits  it  can  be  measured  in  that  lineal 
ivay ;  and  also,  what  remarkable  purposes  some  of  those  apparent 
residual  erron  of  figure,  but  really  important  adjustments  of  cubical 
«ize,  do  subserve. 

I  We  take  the  vessel  therefore,  restored  from  modern  breakages ; 
fill  up  the  ledge  in  the  top  of  the  sides,  and  then  ascertain  the 
cubical  contents  of  the  hollow,  by  multiplying  together  the  mean 
of  all  the  observed  internal  lengths,  breadths,  and  depths.  From 
hence  we  obtain  71,317  cubic  Pyramid  inches;*  a  quantity  which 
is  many  thousands  of  inches  different  from  the  contents  of  any 
known  sarcophagus  of  the  burial  kind  at  the  Pyramids. 

When  future  observers  shall  have  visited  the  Great  Pyramid,  and 
Toeasured  the  coffer  with  still  more  care  than  I  have  done, — their 
results  will  afi'ord  a  desirable  test  as  to  my  limits  of  error.  £ut 
meanwhile  the  coffer  itself  may  testify  something,  by  having  (when 

*  Mean  leugtb  =  77-66 ;  mean  breadth  =  2S-70;  and  mean  height  = 
84-31  Pjramid  incheB.     See  "  Life  and  Work,"  vol.  iii.  p.  1S4. 
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its  ledge  is  filled  up,  and  ooly  then)  a  certain  inter-commeoBura- 
bility  of  parts ;  and  which  is  not  known  to  prevail  in  any  Kgyptian 
sarcophagus,  or  to  be  now,  or  ever  to  have  been,  a  neceesaiy  prin- 
ciple amongst  makers  of  mere  cofBus  anjwbere. 

The  first  of  these  commensurabilities  is, — that  within  the  limits 
of  errors  of  measure,  the  inaide  contents  of  the  vessel  are  just  half 
those  of  the  outside  (as  per  model  shown  at  the  meeting).     .„ 

And  the  second  is,  that  the  cubical  contents  of  the  bottom  are 
similarly  half  those  of  the  sides  (aa  per  model). 

But  these  distinct  proportions  would  not  have  obtained  within 
many  hundreds  of  cubic  inches,  if  the  recently  detected  hollowing 
of  some  of  the  sides  of  the  coffer  had  not  been  performed  of  old. 
So  much  pains  do  indeed  eeem  to  have  been  taken  in  that  matter 
at  the  primeval  coffer,  that  we  may  be  justified  iu  adding  beneath 
oar  first  quantity  in  the  numerical  table,  half  the  obEorved  con- 
tents of  the  outside  of  the  coffer,  =  71,160  ;*  and  the  sum  of  the 
walls  and  floor,  obtained  chiefly  by  separate  meaHniee,  and  = 
71,266,  on  a  principle  discovered  by  Mr  Henry  Perigal.  , 

These  results  are  beginning  to  look  close  :  and  although  the  Pro-[ 
ctedinga'  author  would  vitiate  them  utterly,  by  insinuating  that  I,' 
have  measured  them  from  what  he  stigmatiseB  as  an  "imaginarjL- 
"  higher  brim"  (p.  252), — yet  I  point  on  this  plate  of  my  puhlisheU 
book,  "Life  and  Work"  (vol.  i.  frontispiece),  and  also  on  tbi^s 
model,  to  the  still  remaining  traces  of  the  actual  and  ancient  to  p 
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of  the  Bides:  from  which  my  meaaurea  were  scrupulously  taken. 
Indeed  I  repel  that  word  imaginary,  and  fling  it  back  to  its  author; 
and  declare  that  those  traces  of  the  original  top  of  the  sides  were  to 
the  best  of  my  testing  and  ezamination  as  unmistakably  ancient, 
finished,  and  precise  as  any  part  of  the  cofi'er  whatever. 

I  have  also  been  led  since  then  to  perceiTS,  that  the  frame 
adap  .d  to  fill  up  the  ledge,  seems  to  he  an  iadepeodent  confirma- 
tion of  the  sides'  original  height.  It  is  so,  at  least,  witbia  less  than 
three  hundredths  of  an  inch ;  *  and  that  difference  being  introduced 
into  onr  first  computation,  gives  us  a  fourth  approach  to  the  true 
cubical  contents  of  the  coffer  =  71,258. 

These  four  being  combined,  give  71,250  cubic  Pyramid  inches,  as 
the  best  result  of  all  117  measurings,  true  probably,  for  tbe 
coffer  itself,  to  wltbin  twenty  cubic  inches.  And  I  venture  to 
say  this,  notwithstanding  that  the  author  in  the  Proceedings  attacks 
me  violently  by  means  of  some  of  tbe  old  and  exploded  twenty- 
five  ohservera  of  former  times,  setting  forth  (at  p.  250)  that'one 
of  their  results  differs  by  6000  cubic  inches,  and  another  by  no 
less  than  14,000  cubic  inches,  from  mine. 

But  Sir,  is  that  to  my,  or  to  their,  confusion  ? 

If  you  will  examine  the  particulars,  you  will  find  that  the  6000 
inches  of  difference,  arose  from  that  party  having  made  an  absolute 
error  of  3  whole  inches  in  the  depth  of  the  coffer.f  While  the 
14,000  inches  case  rests  on  one  Dr  Whitman,  who  himself  never 
went  inside  the  Great  Pyramid,  but  depended  on  a  friend. 

If  the  author  in  your  Proeeedtngt  will  think  that  Dr  Whit- 
man could  understand  the  coffer  better  without  going  near   it, 

■  For  fall  nDmerieal  particnUn  want  of  space  here  compels  me  to  refer  to 
a  work  which  I  have  now  altuoat  ready  for  publication,  and  eutitled,  "  On  f be 
Antiqaitj  of  Intellectual  Man."    Ste  its  cliapter  29,  p.  SOO. 

t  The  faalt;  meoaure  was  that  of  the  French  Academiciaiu  in  1799,  and 
when  reduced  from  the  metre  to  British  inches,  =  87-286. 

Piofeseor  Qreavea,  in  16S8,  had  preTtously  slated  the  depth  =  31820 
British  inches;  and  Colonel  Howard  Vjse  had  enbaequently,  or  in  1837, 
made  it  =  84'&  British  inches.  Bat  still  many  persons  thought,  "surely 
••  the  French  Academicians  could  not  have  made  so  great  a  mistake  in  their 
"  measnrings ;  it  must  ba  the  fault  of  the  coffer,  whose  depth  is  different  in 
"  different  parts  of  its  length  or  breadth?" 

The  following  nieasnrea,  however,  taken  by  myself  in  1866,  will  show 
clearly  that  thongh  the  depth  may  vary  over  different  parte  of  the  bottom  by 
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or  seeing  it,  tban  I  could  by  apendiDg  many  daya  over  it, — who 
can  preveiit  him  7  I  certainly  cannot,  and  do  not  intend  to  try.  1 
have  published  the  particulars  of  my  modes  of  measurement,  the 
nature  of  the  apparatus  employed,  the  method  of  compariug  with 
a  standard,  the  circumstances  under  which  the  obBerrations  were 
made,  and  the  actual  numbers  procured  from  the  measunDgs  and 
remeasuringe  arranged  so  as  to  teat  each  other  on  Tarions  parts  of 
the  coffer;  and  if  all  these  particulars  fail  to  impress  the  gentle- 
man's mind,  as  of  some  weight  oi  importance  in  a  case  where  next 
to  nothing  can  be  said  on  the  opposite  side,  I  uan  offer  no  more 
to  him  either  in  explanation  or  defence  of  myself. 

But  before  the  world,  I  must  still  continue  to  maintain,  that  bo 
far  as  both  care  and  number  are  concerned,  no  coffer  measures  have 
yet  appeared  that  can  compare,  on  the  usual  principles  forjudging 
measures  amongst  scientific  men,  with  mine ;  that  mine,  therefore, 
however  much  below  ideal  perfection,  have  a  practical  claim  to  re- 
present the  true  size  of  the  coffer,  until  better  observations  shall  be 
taken  ;  and  that,  if  distressingly  bad  measures,  or  mere  guesses  at 
measures,  have  been  published  during  times  long  past — their 
badness  is  the  fault  of  the  observers,  not  of  the  coffer.*     Yet,  to 

hnndredtliB,  and  occaaionallj  BTtin  b;  tenihs,  of  inch«B, — a  whole  inch  is  per- 
feotlj  out  of  the  qaeslioD. 

Extract  frtm  "  Lift  and  Work"  vol.  ii.  p.  128. 

"  IxetDi  DiPTH  of  Cufftr,  from  original  lop  of  North,  Bacrt,  and  South  Side*. 

(By  Slider  36,  not  leqnitiDg  an;  coireetiou.) 


Piut  of  Length  itben  OtaBrTtHgu 

Put  irf  BiHdlh  when  ObnrTMlou  nn  t>k«L 

Htn  Eut.         Ne»r 
aids.            UMdlc 

HarWnt 
Side. 

H«nU 

BrttWllMhM. 

0-6  south  of  inner  N.  end. 

8-0       „ 

6-0       „ 
10-0 
24-0 

B430          84-28 
34-44         84-36 
84-42         34-41 
84-40          84-38 
84-86          84-S8 

B-tncbH. 
84-26 
84-85 
84-28 
84-28 
84-26 

B.taeh». 
84-28 
84-88 
84-87 
8485 
84-38 

Mean  at  BKh  part  of  Breadth,    |     8<-88          8*-36 

84-29 

84-84 

Oeneial  Mean  of  all  the  Heasnr 

Z>«p(ft  of  Coffer,  iuBido, 

«,orMea„|      ^  ^^ 

84  British 

nches." 

Q  Dr  Whitman's  numben,  s 
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atlribnle  all  the  fault,  and  prove  it  heinoas,  to  the  coffer,  vhose 
makers  and  friends  haTs  been  dead  for  4000  years,  would  seem  to 
be  the  Ter;  object  of  the  Proceedingt'  author ;  in  order  that  fae  may 
then  take  away  the  primeval  vessel's  power  to  symbolize  a  standard 
of  measure.  For  says  he  at  p.  249,  "  Surely  a  measore  of  capacity 
should  be  measurable ;  "  that  ought  to  be  its  most  unquestionable 
"  quality;  but  this  imagined  standard  has  proved  virtnally  unmeasnr- 
"  able,- — in  so  far  at  least  as  ita  twenty-six  difTerent  and  skilled 
"  measnrets  all  differ  from  each  other  in  respect  to  its  dimensions." 

And  asthesameauthor  repeats,  at  his  page  252,  that  "the  coffer's 
"  cavity  seems  really  of  a  form  utterly  unmeasurahle  iu  a  correct 
"  way  by  mere  lineal  measurement," — and  indicates  that  though 
"  perhaps  liquid  measurements  would  be  more  successful,"*  yet  the 
object  is  not  "of  the  slightest  moment;" — it  must  now  appear 
plainly,  that  the  graud  purport  of  that  gentleman's  essay  is  not  to 
ascertain  more  correctly  than  I  have  done,  or  attempted  to  do,  what 
is  the  real  capacity  of  the  interior  of  the  coffer,  dot  to  furnish  the 
world  with  correcter  numbers  than  mine, — but  merely  to  damage 
the  ancient  vessel's  character,  as  to  being  considered  capable  of 
showing  any  particular  capacity,  even  within  14,000  cubic  inches. 

He  may  argue  that  this  is  a  mode  of  inquiring  legitimately 
into  whether  the  Pyramid  can  he  possibly  regarded  as  a  metrological 
monument,  or  a  sepulchre  (p.  247).  But  seeing  that  the  style  of 
workmanship  of  the  whole  king's  chamber,  as  well  as  of  the  coffer 
that  stands  id  it,  has  for  ages  excited  the  admiration  of  all  nations, 
for  the  truthful  character  of  its  rectangular  shapes,  polished 
surfaces,  and  close  fitting  joints, — seeing,  I  say,  that  such  good  and 
simple  mechanical  work  in  a  hard  material  is  precisely  what  admits 
being  well  measured  by  competent  men, — and  that  Professor 
Greave's  length  for  the  whole  room  200  years  ago,  differed  from 
my  measure  of  the  same,  by  less  than  ^d.^ht  part;  why  the 
Proceedings'  author,  if  he  will  maintain  the  "  skilled  "  and  trust- 
worthy measures  of  ail  the  twenty-five  observers, — would  imply 
that  the  hollow  granite  block  forming  tbe  coffer,  and  reported  by 
those  observers  in  different  years,  as  of  various  sizes, — although 
it  is  resting  quietly  in  a  dork  room  of  equal  temperature, — must 


*  How  such  measnrs  ia  to  be  tpplied  to  a  vessel  broken  down  at  one  eoi 
mure  tban  a  third  of  ita  height,  the  Pneeedingt'  author  does  not  eny. 
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actually,  with  time,  alter  its  size : — alter  it  too  bo  hugely,  that  the 
gT&DJte  Bwells  out  sometimes  to  a  length  of  144  incbee,  sometimes 
sinhs  down  to  78  inohes  only,  while  still  preserving  the  same 
general  rectangular  box-like  figure. 

Whether  other  persons  may  be  inclined  to  maintain  that  bard 
red  granite  can  undergo  snch  changes,  I  do  not  stop  to  inquire. 
I  only  vouch  that  I  saw  no  inclinations  to  it,  on  comparing  my 
measures,  taken  at  the  beginning  of  my  stay  at  the  Great  Pyramid, 
or  in  January,  with  my  last  on  leaving  it  in  April.  Moreover  I  firmly 
believe  that  any  or  all  my  twenty-five  predecessors,  if, — instead  of, 
as  with  the  generality  of  them,  remaining  in  the  cofi'er  room  only 
a  few  minutes  on  a  single  occasion, — if  they  had  visited  it  day  after 
day,  for  hours  each  time,  and  during  several  months  of  the  year, — 
and  if  they  had  taken  the  same  pains  that  I  did,  to  compare  their 
measuring  scales  accurately  with  the  Government  standard  yard  of 
36  British  inches, — they  would  have  very  nearly  brought  out  as 
their  result  for  the  coffer's  cubic  contents  (before  breakage  had  been 
effected  or  a  ledge  had  been  cut  into  it),  the  same  quantity  which 
I  have  found,  viz.,  71,250  cubic  pyramid  inches;*  and  that  equally, 
whether  they  look  on  the  coffer  as  a  burial  sarcophagus  only,  or  a 
a  measure  of  capacity,  oi  both  combined. 

If/  consider  the  coffer  chiefly  as  a  measure  of  capacity, — though 
freely  confessing  that  some  subsidiary  depositing  of  a  mummied 
corpse  in  state,  may  once  have  been  performed  tbeTe,-^it  is  because, 
after  having  found  that  the  amount  of  cubic  space,  both  in  length, 
~  breadthTbuiTEWW-^aBecially  in  depth,  is  much  greater  than  would 
have  been  positively  reqt»Ted  for  a  mere  coffin  pnrpose, — consider- 
ably greater  too,  indeptb,  than  in^lis  manifestly  burial  sarcophagi  of 
other  pyramids, — it  yet  tallies  ezact%  with  an  expression  dedncible, 
— on  what  has  otherwise  been  called ,"  Pyramid  principles," — from 
the  size  and  weight  of  the  whole  earth,  for  appropriately  represent- 
ing a  grand  standard  of  capacity,  and  weight,  measures.  The 
very  essence  of  the  question  turns,  m  fact,  on  whether  there  be  a 
neat  and  close  correspondence  between  the  one  practically  measured, 
and  this  other  llieoretically  computed,  quantity. 

What  then  has  not  been  my  surprise  to  find  the  Prvceedingi' 

■  A  pyramid  linear  incli  =  I'OOl  Britufa  Jucti. 
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author,  positively  giving  u  my  theoretical  reason  for  the  coffer 
haviDg  been  made  in  ancieot  days  the  eize  it  dow  proves  to  be, 
not  the  noble,  appropriate,  and  earth- refeieDoe  reasoo  which  I  have 
publiehed, — ^but  something  totally  opposite,  chronologically  fuolixli 
beyond  expreasion,  and  which,  so  far  as  I  know,  never  either 
entered  my  head  or  escaped  my  lips  on  any  occasion  whatever. 

I  subjoin  the  two  etatemente,  in  order  that  the  Cvoncil  of  the 
Society  may  judge  for  themBelves : — 

iVocwiiittj*' paper,  p.  249.  "Life  and  Work,"  vol  iiL  p.  161. 

"  Professor    Smyth    holds    that        "  A  cubic  space  is  b)  be  formed, 


"  Awntieaihi  its  (the  coder's) 
"  capacity  ought  to  be  71,250 
"'pyramidal'  cubic  Inches,  for  that 
"  cubic  size  would  make  it  the  exact 
"  measure  for  a  chaldron,  or  practi- 
"  oUy  the  veesel  would  then  contain 
"  exactly  four  quarters  of  wheat." 


with  sides  having  a  length  equal 
to  one  ten-millionth  of  the  earth's 
axis  of  ratatioQ,  or  50  Pyramid 
inches.  A  Unih  part  of  such  space, 
or  12,{iOO  cubic  inches  (agreeably 
with  the  Coptic  interpretation  of 
the  name  of  Pyramid),  is  then  to 
be  filled  with  matter  of  the  meut- 
"  density,  or  specific  gravity  of  the 
"  earth  as  a  whole.  In  which  case, 
"such  a  mass  will  form  the  grand 
"  weight  itandard  of  the  ^ramid  ; 
"  while  the  tpaee  occupied  by  an 
"  equal  weight  of  pure  water  at  a 
"  giveo  temperature,  will  form  the 
"grand  capacity  itandard  of  the 
"  Great  Pyramid  ;  or,  as  we  believe, 
"  will  represent,  and  be  repteaented 
"  by,  the  cubic  contents  of  the 
"  hollow  of  the  coffer. 

And  further  on  it  is  shown,  that 
the  mean  density  of  the  earth  is 
nearly  D'7  times  that  of  water  at  a 
temperature  of  6S°Fahr.  Whencethe 
thecoetical  expression  for  the  coSbr's 

capacity    is,    ^ —  =    71,250, 

Pyramid  cubic  inches, 
Arabian  Authoritiei. 
Tliere  is  only  one  more  circumstance  which  I  have  time  to 
notice,  coDiiected  with  this  Proeeedingi  author's  account  of  the 
coffer,  but  that  one  is  said  to  have  procured  him  many  believers. 
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It  is,  that  the  Arabian  writer,  Al  Hokm,  atatea  that  Ehalijih 
Al  MatnooD,  when  he  broke  into  the  Great  Pyramid,  in  or  near  to 
830  JLD.,  found  in  the  coffer  an  embalmed  human  corpse ;  proving, 
therefore,  aa  some  will  have  it,  that  the  coffer  had  been  from  the 
beginning  only  a  coffln.  Wherefore,  let  na  inqaire,  who  ia  thia  Al 
Hulnn,  who  Toaohea,  and  ia  ao  readily  accepted  aa  a  voacber, 
that  Al  HamooD'a  chief  finding  vaa  a  dead  body? 

Mz  St  John  Da;  ahoved  two  months  ^o,  before  the  PhUoao- 
phioal  Society  of  Glaagow,  on  the  etiengtb  of  the  publications 
of  Colonel  Howard  Vyae  and  Dr  Sprenger,  that  Al  Hokm  lived  600 
years  after  Al  Hamoon ;  and  could  not,  therefore,  be  any  certain  or 
amlemporary  authority  for  what  that  Eh&liph  found  in  a  dark 
cliamber  in  the  Great  Pyramid,  six  centuries  before.  Kr  Say  also 
showed,  out  of  Yyse's  book,  that  there  ia  no  known  Arab  writer 
who  begins  to  attribute  body-finding  to  Al  Uamoon,  within  the 
first  three  centuries  after  hie  death ;  those  who  are  earlier,  and 
closer  to  that  Khaliph'e  times,  having  completely  different  atoriea 
to  tell;  and  telling  them  too  in  the  most  positive  manner. 

Tet  the  Proetedinga'  author  will  by  no  means  give  up  his 
selected  Mohammedan  latter-day  tales  (or  those  which  Ur  Day 
had  criticised  in  their  newspaper  edition  of  January  22,  1S68); 
and  after  adducing,  in  a  note,  two  other  Arab  wiiteis,  to  a  similar 
eff'ect  with  Al  Hokm, — but  both  of  them  living  between  300  and 
400  years  after  Al  Hamoon,  according  to  the  same  either  Howard 
Vyse's  or  Dr  Sprenger's  authority, — he  virtually  clenches  up  these 
later  Arab  accounts  on  to,  or  makes  them  as  good  as  if  written  in, 
Al  MamooD's  own  day,  by  stating,  moet  remarkably,  at  the  end  of 
the  same  note, — that  "  Colonel  Vyte  obierva,  that  &e  Arabian 
"  authora  have  given  the  tame  aceountt  of  the  pyramid*,  toilh  little  or 
"  no  variation,  fi/r  above  a  thouaand  year*." 

Tet-neither  the  words,  nor  the  sentiments  in  the  above  juxta- 
position, are  Colonel  Howard  Vyse's.  The  words  are  out  of  his 
book,  no  doubt,  but  they  are  spoken  by  Dr  Sprenger;  and,  what  is 
much  more  important,  he  is  applying  them  to  authors  of  far  earlier 
date  than  any  of  those  who  mentioned  Al  Mamoon. 

That  it  was  to  theae  far  earlier  men,  talking  of  perfectly  dif- 
ferent matters,  that  Dr  Sprenger  waa  alluding, — would  have 
appeared  clearly  enough  in  the  Proceeding*  and  even  from  the  very 
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sentence  which  the  Proceeding*'  anther  has  quoted,— had  not  this 
gentlemao  cat  off  the  last  half  of  it. 

Here,  Sir,  accordingly,  from  the  note  to  Proceedings,  page  2fi3, 
where  the  first  half  of  Dr  Spienger'a  >entonee  ia  made  to  oorroboiate 
statements  which  the  Di  nevec  intended  it  to  be  Been  in  company 
with, — is  that  which  is  quoted  there,  or  thus — 

"  '  It  may  be  remarked,'  oheerves  Colonel  Vyse,  '  that  the 
"  Arabian  authors  have  given  the  same  acoounta  of  the  pyramids, 
"  with  little  or  novaiiation,  for  above  a  thousand  years.'  (VoLii. 
"  p.  828.)" 

And  here,  from  that  page  of  Howard  Vyse'a  book,  is  the  full 
sentence,  as  it  appears  !□  the  whole  note  which  has  Dt  Sprenger's 
name  ooDBpicnously  subacribed  to  it : — 

"  It  may  be  remarked  that  the  Arabian  anthore  have  given  the 
"  same  accounts  of  the  Pyramids,  with  little  or  no  variation,  for 
"  above  a  thousand  years  \  and  that  they  appear  to  have  repeated 
"  the  traditions  of  the  ancient  Egyptians,  mixed  np  with  fabulous 
"  stories  and  incidents,  certainly  not  of  Mahometan  invention." 

In  fact,  the  main  purpose  of  the  note  is  to  explain  what  were 
those  unvaried  stories  of  a  thousand  years;  and  it  is  attached  by 
Dr  Sprenger  directly  to  the  account  of  one  Sfaitntdi,  who,  living 
within  HO  years  of  Al  Mamoon,  mentions  him  not,  but  abounds  in 
histories  of  the  wouderfal  circumstances  attending  the  building  of 
the  Pyramids  by  certain  kings  before  the  Flood;  and  also  of  the 
magical  treasures  and  enchanted  wonders  which  had  been  found 
in  the  monuments  in  recent  times. 

Neither  Dr  Sprenger  himself,  therefore,  nor  Colonel  Howard  Vyso 
could  have  intended  the  sentence  to  apply,  either  partially  or 
wholly,  to  DOW  contents  of  the  tatter's  subsequent  pages,  3S1, 
352;  where  he  introduces,  in  his  chronological  arrangement  of  Arab 
writers,*  the  Proceedingt'  author's  Al  Mamoon  authority,  Ebn  Abd 
Al  Hokm,  between  Firazabadi,  who  died  in  1438  a.s.,  uid  Makrizi, 
who  died  in  1467  aj>.  Nor  to  bis  pages  3S3  and  8S5,  where  he 
mentions  the  other  two  Al  Mamoon- noticing  writers  of  the  Pro- 

a  "  Ths  Arabic  antboritieB  have  been  translated  b;  Dr  Sprenger,  and  I 
"  have  eodeavanred  to  anaiige  them  chronologicallj ;  a  task  nbich  has  bean 
"  attended  with  eomo  difficult;,  aa  tnanj  of  them  are  onl;  known  by  qnota- 
"  tioDi  in  the  worka  of  posterior  writen." — Colonel  Howard  Vyae'e  Pyramidt 
o/Ob«*,  »o1.ii.  p.  179. 
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eeedings'  author,  viz.,  Alkeusi,  died  in  1187  a.d.,  and  Abon  Szslt, 
of  Spain,  possibly  of  abont  1400  a.d. 

(Hadm  tbe  attempt  made  in  the  Froeeedingt  note  to  p.  253,  to 
produce  oat  of  Vyee'e  books  an  affirmative  teatimonj'  to  the  con- 
temponuy  character  of  Al  Hokm's  relation  touching  the  Ebaliph 
AI  Mamoon's  reported  discovery  of  a  body  in  the  coffer, — entirely 
breaks  down.  And  as  it  is  of  very  little  consequence  for  identifica- 
tion with  the  original  builders  of  tbe  Great  Pyramid  and  their 
intentions  or  work,  what  the  Ehaliph  found  in  the  coffer; — seeing 
that  the  Pyramid  ia  now  considered  to  have  been  entered  forcibly 
by  men  of  alien  faith,  some  1500  years  after  it  was  bailt,  bat  more 
than  1400  years  before  the  time  of  Al  Mamoon, — we  might  leave 
the  matter  now  at  rest,  bat  for  an  additional  statement  made  by 
the  Proeeedinga'  author  before  the  Boyal  Society  on  April  20.  For 
on  that  ocoBsion  he  announced  having  received  a  letter  from  the 
British  Museum,  in  effect  completely  ignoring  bis  former  oatho- 
rities,  Col.  Howard  Yyse  and  Sr  Sprenger;  and  affirming  that  Al 
Hakm  lived  contemporarily  with  the  Khaliph  Al  Uamoon. 

Whether  that  letter  is  to  be  regarded  as  throwing  every  other 
authority  into  tbe  shade,  I  do  not  pretend  to  knov ;  but  tbe  whole 
document  should  now  be  printed  and  submitted  to  the  same  public 
opinion  which  has  so  long  sat  approvingly  on  Col.  Howard  Vyse^ 
Mid  Dt  Spreager'a  opposite  and  fuller  statements).*! 

SIZE  OF  THK  BASE  OF  THE  GREAT  PTRAMID. 
After  stating  in  his  page  254,  in  a  singntarly  objectionable  man- 
ner, some  of  my  reasons  for  considering  the  determination  of  the 

*  Addod  to  the  original  paper  after  the  msetiDg. 

t  This  IB  the  note  refured  to  at  foot  of  page  S82,  reapectinK  Dc  Whitman's 
nnmbflrH  for  the  cubic  contenta  of  the  ooffet  in  tbe  Great  Pyramid. 

Having  already  shown  in  tbe  note  to  pagea  881,  882,  how  tbe  0000  cubic 
inchea,  caae  of  difference,  from  my  a^tr  meamrea,  la  explainable  bj  the 
former  observer,  U.  Jomaid,  baling  without  doabt  made  an  abBoInt«  error 
(probably  in  copying  his  notee)  of  8  whole  inchea  in  tbe  depth  of  the  coffer : 
(for  these  8  inchea  being  aubliacted  before  the  maltiplicaliona  are  performed, 
the  alleged  difference  nearly  Tanlahea) : — I  have  now  to  ahov  that  the 
other  alleged  ntse  of  a  difference,  or  that  under  the  name  ti  Dr  Wtutioaa, 
and  to  the  horrifying  extent  of  14,000  cnbio  inchea,  depends  mainly  on  a 
blunder  of  Btill  more  transparent  character. 

It»  comronent  number*  ari"  publifhfrt  in  Howard  Vyas's  second  voliune, 
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leogth  of  the  sidex  of  the  baae  of  the  Great  Pyramid  to  be  a  most 
important  problem  in  a  metrological  poiot  of  view, — the  Proceedings' 
author  thus  addieaseB  himself  apparently  to  that  question,  under 
the  express  title  of  "  What,  then,  is  the  exact  leogth  of  one  of  its 
"  basis  lines}"  but  reaUy  to  the  purpose  of  blaming  me  for  nearly 
everything  which  I  either  have  done,  or  have  not  done,  with  regard 
to  both  computations  and  measurements  in  the  matter. 

Apparently  for  the  first  purpose,  I  say,  because  I  cannot  find, 
after  going  through  all  hie  pages,  that  he  has  advanced  the  question 
beyond  the  point  where  I  left  it,  or  come  to  any  other  distinct  con- 
clasioD,  or  discovered  any  new  authorities.  But  retUly  for  the 
second  purpose,  from  what  follows :  though  I  shall  only  touch 
upon  each  of  the  numerous  insinuations  as  may  tend,  in  their 

p.  287,  ai  given  to  Di  Whitman  b;  a  British  ofBcer  of  Engineen,  and  appeu 
tliere  as  foUowt: — 

FMt.  Ischn. 

SaTcophagDs Length.  6       6 

Height,  8       6i 

„  Tbickne»  of  Stone,   0       e 

Width  within  side.    2       2] 

Depth,    ditto,  2       8 

The  general  upect  o(  tbeie  meamrea,  taken,  aa  the?  are,  either  to  whole 
inches  onlj,  or  mare  haWea  and  qnartera,  ehowa  that  no  great  acennoy 
was  aimed  at  bj  the  said  engineer  officer.  We  mnj  also  condade  similarly 
from  the  thickness  of  aides,  ends,  and  bottom  being  all  IndiscrimJnately 
lumped  together  as  "thickness  of  stone;"  eepeciallj  when  we  find  that 
tlie  difference  of  height  (outside  measure  OTidentl;  from  the  term)  and 
depth  (inside  measoro  also  evidently  from  the  tarni,  and  from  its  likewise 
being  expressly  so  stated)  makes  the  bottom  thicker  by  more  than  one-half 
of  the  preTJOQsly  stated  general  thickneae  of  anything  and  everything  abont 
the  coffer. 

Bat  the  chief  anomaly  touches  the  Zenith.  That  is  given  only  once,  and 
without  any  direct  statement  of  whether  it  applies  to  ontside  or  Inside  of  the 
vessel;  while  there  is  the  indirect  symptom  that  It  means  outside  measure, 
ftom  Its  standing  immediately  above  "Height."  which  is  a  confessed  ontside 
reference,  and  as  far  ss  possible  from  depth  and  width,  both  stated  to  be 
inside.  Hence,  looking  to  the  given  measnres-list,  per  te,  we  can  only  take 
tlie  length  given  there,  or  78  inches,  as  ontside  measure, — and  when  we  sub- 
tract fivm.it  double  the  "thickness  of  atone,"  there  result  60  inahea  for  the 
■nndt  length ;  and  that  quantity  used  with  the  given  inside  width  and  depth 
does  undoubtedly  give  a  capacity  content,  amaller  than  my  determination  by 
about  14,000  inches. 

That  66  inched,  however,  for  inside  length.  Is  close  npon  a  foot  smaller 
than  Di;  measure,  which  ie  supported  within  a  ver;  small  fraction  of  an  inch 
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explanatione,  to  throw  eome  tueful  light  m  either  the  pioportioDs 
of  the  Qieat  Pyramid,  or  the  principles  of  that  more  careful  men- 
enration  which  should  be  applied  to  it. 

Oeneral  PrineipUt  of  Accurate  Linear  Menturation. 

Id  Older  to  measure,  theo,  any  length  of  earth  linea,  in  the 
accurate  manner  of  the  best  base-line  operations  of  trigonometrical 
surveys — in  which  I  have  myself,  in  former  years,  borne  a  practical 
part — and  which  are  a  very  fair  ideal  of  accuracy  to  look  towards 
in  Great  Pyramid  outside  measurements,— it  is  necessary 

lat,  To  have  well-defined  and  fixed  tonninal  points  at  either 
end  of  the  line  to  be  measured. 

2d,  To  have  the  ground  tolerably  well  cleared,  levelled,  or 
reduced  to  gentle  gradients,  between  the  points.    And, 

Zd,  To  have  scientific  apparatus, by  which  the  measariog  bars  may 
be  placed  in  definite  linear  positions,  and  to  microscopic  accuracy 
both  absolutely  level  and  parallel  to  the  line  joining  the  two  ter- 
minal points;  under  temperature  circumstancea,  also,  where  the 
deviation  of  length  of  the  measuring  bars,  from  a  chosen  ttandard, 
»hall  be  accurately  computable. 

by  OoL  Howard  Vyse,  the  French  AcademiciuiB,  ProT.  Qreava*,  and  many 
otbers.     Wherefore  arise  the  following  qneetloni : — 

(1.)  Wu  the  coffer  really  of  a  different  length  when  Dr  Whitman's 
engineer  Tisitsd  it,  than  in  the  times  of  the  other  measnreis  alladed  to  ? 

(2.)  Bappoeing  thnt  the  aboTe  was  not  the  ease,  then,  A,  did  the  engioeer 
ofBcei  make  a  mistake  in  hja  measniea  themselves,  to  tbo  extent  of  I  foot  in 
6  feet  ?  or,  B,  did  he,  or  perhaps  Dr  Whitman,  mere);  misplace  in  his  notaa 
what  he  had  meaanred  fairlj  as  inside  measure,  and  place  it  amongft  outoide 
tneaanres  heedlessly  ? 

I  incline,  now  that  Dr  Whitman's  pablisbed  nnmben  have  been  dragged 
up  as  being  a  vary  high  antboritjr  on  the  coffer's  size,  to  choose  inpposition 
B  as  being  the  most  probable.  And  then  have  to  take  for  his  Length  Inside, 
78  inches ;  Bnadth  ineide,  26-76  inches ;  and  for  Dtpth  Iiuide,  82  inches  bj 
direct  measore,  and  SS'S  if  we  subtract  his  "  thickness  of  stone  "  from  his  ont- 
side  StigM,  the  mean  of  these  two  being  SS'76  inohea. 

Bedncing  these  valnea  from  British  inches  to  FyTamid  inches,  we  have 
77-92  X  2S-72  *  88-72  =  70,206  P;ramid  cabio  inches,  where  the  alleged 
14,000  inches  of  difference  are  reduced  to  nearly  IDOO  inches;  and  even  that 
is  chiefly  chargeable  on  evident  rudeness  and  mistakes  In  the  Dtplh  measure; 
for  the  true  quantity  (say  81-Sl}  ia  included  within  the  two  very  wide 
detprminatione  given. 
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7%eie  PrineipUt  i^iplitd  to  the  higher  Survetfiiy. 

BeqniremeDts  1  and  2  are  compantiTely  dniple  to  most  geo- 
desists ;  for  tbeee  gentlomeD  {Nupoeely  choose  out  a  plun  alread; 
nearly  level,  and  iDseit  at  either  end  of  the  line  they  select  therein, 
a  defining  mark  of  their  own,  say  a  block  of  stone, — plngged  near 
the  middle  of  its  npper  snrface  with  a  brasa  bolt,  and  that  again 
with  a  platinTun  Btad,  and  the  platinnm  farther  marked  with  a  micro- 
aoopic  black  dot  in  its  centre.  Then  the  horizontal  distance  from  the 
minute  dot  at  one  end  of  the  line,  say  from  3  to  8  miles  long,  to 
the  similar  minute  dot  at  the  other  end  of  that  line,  is  the  practical 
problem  to  be  aolved  by  the  measurers,  through  employment  of 
what  we  have  indicated  nuder  head  Ko.  3. 

But  then  cornea  the  grand  difficulty  to  them;  and  it  wonld  be 
fearful  to  tell  the  number  of  tens  of  thousands  of  pounds  which 
the  Ordnance  Surrey  of  this  conntry  baa  expended,  both  directly 
and  indirectly,  on  various  methods  of  base-line  measuring  instru- 
mento,  from  General  Boy's  wooden  bars,  glass  bars,  and  steel 
chains,  np  to  Qen.  Colby's  compound  compsnsatiou  bars,  with  their 
mictoficopic  and  virtual,  not  actual,  contacts.  This  last  description 
of  apparatus  is  now  allowed  to  be  very  near  perfection  when  pro ' 
peily  worked;  but  to  work  it  as  it  should  he,  requires  amounts 
of  officers,  non-commissioned  officers,  men,  tents,  camp-equipage, 
measuring  bars,  microscopes,  bar-comparing  stations,  lining  theo- 
dolites, adjusting  scrow  tripods,  wooden  stands,  ground -clearing 
implements,  suu-warding  meaus,  Sea,,  &g., — which  I  believe  even 
still  bring  up  the  cost  of  a  base  line,  either  on  the  Indian  or  the 
British  Trigonometrical  Survey,  to  several  thousand  pounds.  Yet, 
whatever  the  expense,  it  is  cheerfully  incurred  there ;  because  the 
accurate  length  of  the  line  is  required  to  be  known,  and  it  cannot 
be  Bscertuned  at  a  less  cost  of  labour,  instruments,  and  money. 

How  the  Principlet  ahtmld  be  applied  to  Pyramid-haie  Menstiration. 

Next  we  have  to  apply  the  some  acknowledged  principles  to  the 
mensuration  of  the  Great  Pyramid,  or  rather,  as  at  present  the  cace 
is  presented  to  ns,  the  four  sides  of  its  base. 

Under  head  So.  1,  defining  points  exist  there  already  in  the 
shape  of  the  outor  corners  of  the  sockets  cnt  anciently  into  the 
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solid  rock  of  the  hill,  to  receive  the  corner-stones  of  tlie  exterior 
casing  of  the  Pyramid.  These  sockets  ue  eos;  to  find  and  uncover, 
as  I  have  deacrihed  in  "Life  and  Work,"  vol.  i.  ch.  17;  bnt  they 
cannot  be  fully  depended  on  for  being  such,  until  they  shall  have 
been  checked  by  comparing  Ihem  with  traces,  such  as  Colonel 
Howard  Yyse  discovered  in  1837  on  the  north  side  of  the  Pyramid, 
in  the  shape  of  some  of  the  casing-stones  forming  the  middle  of 
that  base-side  of  the  Pyramid,  and  still  tn  littt,  or  firmly  attached 
to  the  rock,  or  lover  pavement ;  (see  note  to  p.  325.) 

Eqnally  therefore  to  test  the  sockets  fonnd,  being  the  right 
sockets,  and  also  to  have  the  ground  between  them  fit  for  employ- 
ing accurate  measuring  instruments  upon, — must  attention  be  paid, 
to  realizing  our  head  No.  2,  at  the  Great  Pyramid.  There,  indeed, 
this  No.  2  becomes  the  most  necessary  beginning,  and  the  most 
expensive  part  of  the  whole  operation.  For  every  side  of  the  base 
is  at  present  encumbered  by  such  huge  hills  of  compacted  stone 
rahbieh,  that  no  accurate  mensuration  can  be  performed  over  them, 
and  they  completely  bide  under  their  substance  all  the  fiducial  traces 
of  ancient  workmanship  which  we  require  to  get  at;  and  without 
getting  at  which  we  cannot  tell  whether  what  we  are  measuring 
was  once  the  base-side  of  thePyramid,  or  perhaps  something 
else. 

If  these  requirements  of  No.  2,  should  on  some  occasion  be  some- 
how or  other  performed,  then  No.  3  must  be  put  into  execution 
with  all  the  niceties,  and  abnudance  of  instruments  aud  men 
described  under  the  same  head  for  an  ordinary  trigonometrical 
survey  base-line.  The  distance  indeed  to  be  measured  would  be 
much  less,  but  the  attention  of  intelligent  and  educated  men  would 
require  to  be  exerted  in  an  original  manner  on  the  marks  and 
meaniugs  left  in  the  lower  parts  of  the  Pyramid,  the  pavement 
surrounding  it,  and  the  rock  on  which  it  was  founded  by  its 
builders  of  4000  years  ago, — in  a  manner  and  degree  never  exacted 
from  Ordnance  oEGcers  and  men  when  merely  measuring  a  base-line 
in  a  natural  plain,  for  purposes  of  modem  science  alone. 

Hence  I  am  rather  disposed  to  make  the  rough  estimate,  that  if 
No.  1  at  the  Great  Pyramid  could  be  accomplished  by  an  expendi- 
ture of  L.10,  No.  2  would  require  L.7000,  and  No.  3  L.3000 ;  and 
the  fully  accurate  mensuration  of  the  Great  Pyramid  will  never  be 
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realised  until  all  these  three  heads  have  been  c&nied  out  by  c 
petent  parties,  -and  eimtUtaneoutti/. 


Failure  of  effortt  to  have  lie  Prine^let  applied  in  1864-5. 

I  need  hardly  say,  therefore,  that  when  I  went  oot  to  Egypt  id 
1864,  at  my  own  private  expenee,  and  on  the  savings  of  a  salary  of 
L.300  pec  annam,  I  did  not  contemplate,  of  myself  or  unaided, 
measuring  the  base-sides  of  the  Great  Pyramid  at  an  expense  of 
L. 10,000.  Knowing,  bawever,  from  my  former  experience  on  a 
trigonometrical  surrey,  bow  the  scientific  part  of  the  operations 
ought  to  be  performed,  I  did  all  I  could,  before  going  to  the 
Great  Pyramid  from  Cairo,  to  urge  the  adoption  of  tbe  necessary 
measoreB  both  on  Bis  Higbness  tbe  Viceroy  of  Egypt  and  on 
Egyptian  Society.  But  no  one  would  look  at  the  proposal.  The 
expense  of  carrying  out  tbe  preliminary  head  No.  2,  frightened 
tbem  all.  Tbey  remembered  that  even  Colonel  Howard  Vyee,  who 
spent  his  money  en  prince,  had  only  made  three  croeacuts  irdo  tbe 
rubbish-mound  on  the  noitb  side  of  the  Pyramid's  base,  and  had 
not  attempted  tbe  far  greater  work  of  cutting  through  tbe  length 
■if  it ;  while  the  similar  mounds  on  the  other  three  sides  have  re- 
mained unattempted  in  any  way  by  any  one  for  the  last  700  years 
at  least.  And  if  no  one  in  Cairo  would  undertake  this  operation 
No.  2,  of  course  it  was  futile  to  ask  them  to  enter  into  head  No.  3; 
while  it  was  likely  to  lead  to  premature  and  irreparable  mischief 
being  done  to  tbe  fiducial  points  of  the  Pyramid,  to  ask  them  to 
undertake,  or  sanction  my  undertaking,  what  is  implied  under 
head  No.  l,~by  itself.  I  had,  therefore,  to  go  out  to  the  Great 
Pyramid  unaided  for  that  work ;  leave  the  proper  measurement  of 
its  base-sides  as  a  legaoy  to  richer  men  and  future  times;  and 
address  myself  to  what  I  could  do,  alone,  with  my  own  bands  and 
very  modest  apparatus.  That  accordingly  formed  my  daily  toil* 
from  early  morning  to  late  at  evening,  during  the  whole  four 
months  I  was  at  the  Pyramid ;  unassisted  all  that  time  by  any 
other  measurer,  until  the  very  last  few  days,  when  a  new  party 

•  SioM  published  in  the  lat  and  3d  volumei  of  "  Life  aad  Work  at  tlic 
Gfe»t  Pjiamid."  • 
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appeared  on  the  scene,  and  occupied  thereafter  the  place  which-— 
my  time  and  means  being  then  juet  exhausted, — I  waa  shortly 
ftftei  obliged  to  vacate. 

Libd  ike  Firtt. 

The  apparittOQ  of  this  new  party,  however,  baa  fuTDished  the 
Proceedingn'  author  with  an  opportunity  for  Heriaus  misstatements 
and  grave  insiouations,  which  he  has  availed  himself  of  in  the 
following  manner  in  p.  256  : — 

"  At  the  time  at  which  Professor  Smyth  was  living  at  the 
"  Pyramid,  Ur  Inglis,  of  Glasgow,  visited  it,  and,  for  correct 
■'  measurement,  laid  bare  for  the  first  time  the  four  coroei  sockets. 
"  tHi  Inglis'  measurements  not  only  differed  from  all  the  other 
"  measurements  of  one  nde  base-lines  made  before  bim,  but  fae 
"  makes  the  four  sides  differ  from  each  other ;  one  of  them — 
"  namely,  the  north  aide — being  longer  than  the  other  three. 
"  Strangely,  Professor  Smyth,  though  in  Egypt  for  the  puqiose  of 
"  meaauring  the  different  parts  of  the  pyramid, — and  holding  that 
"  its  base-line  ought  to  be  oui  grand  standard  of  measure, — and 
"  further  holding  that  the  base-line  could  only  be  accurately  aa- 
"  certained  by  measuring  from  socket  to  socket— never  attempted 
"  that  linear  measurement  himself  after  the  sockets  were  cleared. 
"  These  four  comer  sockets  were  never  exposed  before  in  bistoric 
"  times ;  and  it  ma;  be  very  long  before  an  opportunity  of  seeing 
"  and  using  them  again  shall  ever  be  afforded  to  any  other 
"  meaaureia." 

This  paragraph  plainly  begins  with  implying,  that  a(,  or  dur- 
ing, the  time  I  was  living  at  the  Pyramid,  Ur  Inglis  (a  young  and 
worthy,  but  poor,  engineer's  asatstant)  visited  it,  made  all  the  pre- 
parations necessary  for  correct  measure  of  the  aides  of  the  base ; 
measured  them,  got  into  some  anomaly  about  the  results ;  and  waa 
not  aaaisted  by  me,  who,  although  there  for  the  express  purpose  of 
performing  such  a  measure,  yet  "ttrangely"  did  nothing;  and  have 
caused  an  opportunity  to  be  lost,  the  like  of  which  never  occurred 
before  within  history,  and  may  be  very  long  before  it  will  occur 
again.  Wherefore,  some  of  our  members  may  remark,  "is  that 
"  the  person  to  whom*  the  Society  should  have  given  their  Keith 
"  medal  for  bis  mwMures  at  the  Qrtat  Pyramid  t" 
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Bat  I  will  DOW  Bet  fortii  how  vast!;  different  from  the  truth, 
IB  the  above  Btatement  of  the  Proceedingt'  author. 

1.  Mi  Inglis'  visit  was  not  made  during  my  stay  at  the  G-reat 
Pyramid,  but  close  to  the  latter  end  of,  and  after,  it.  He  anived, 
when  I  was,  in  fact,  pieparing  to  leave,  had  many  of  iny  instra- 
ments  already  packed  up  for  removal,  and  had  even  fixed  a  day 
with  the  Egyptian  gOTemment  for  removing,  and  bad  to  keep 
to  that  day ;  and  be  not  only  outstayed  me,  but  occupied  my 
loomB  after  I  bad  left,  and  was  much  more  my  successoi  than  con- 
temporary at  the  Q-reat  Pyramid. 

2.  Mr  IngliB  did  not  viBit  the  Great  Pyramid  on  his  own  Bcauty 
meaoB,  aa  I  did  on  mine;  or  for  bis  own  pnrposeB:  he  was  sent 
there,  paid  for  being  there,  and  furnished  with  funds  for  engaging 
BBsistants  by  bis  employer,  Mr  Alton,  a  weatby  contractor  with  a 
hundred  times  tbe  amount  of  money  that  I  had,  A  very  fearless 
and  independent  man  too,  this  Mr  Alton— who  had  obtained 
from  tbe  Egyptian  government  greater  powers  for  explora- 
tion than  I  had  received ;  held  bis  own  ideas  about  the  Great 
Pyramid,  and  amongst  others — as  rumour  said — wished  to  upset 
everything  that  I  was  doing  or  concluding  about,  touching  the 
ancient  monnmeut.  And  I  do  believe,  front  all  that  I  have  seen 
since,  that  if  Mr  Alton's  employ^  who  stepped  into  my  place  as 
above  described,  when  I  left  tbe  Pyramid  in  April  1665,  had  found 
anytbing  materially  wrong  in. my  account  of  the  same.  Mi  Aitoo 
was  precisely  tbe  man  to  let  all  tbe  world  know  of  it,  and  even 
ling  with  it,  long  before  this.  While,  if  he  wmld  open  tbe  socketa, 
and  expose  tbem  thereby  to  tbe  chance  of  irreparable  mischief,  ke 
was  tbe  person  morally  bonnd  to  have  tbem  properly  measured. 

3.  But  Mr  Inglis,  with  the  Arabs  whom  he  engaged  witb  Mr 
Aiton's  money,  did  not  by  any  means  do  everything  that  was 
required  foi  the  correct  measure  of  the  sides  of  tbe  Pyramid  base. 
Indeed,  they  only  executed  Ho.  1 — the  least  expensive  of  the  three 
necesBBiy  heads  which  I  have  noted  andei  p.  340.  And  even  one 
half  of  that  No.  1,  they  did  not  achieve  without  my  assistance,  as 
narrated  in  "  Life  and  Work,"  vol.  i.  p.  632-535. 

4.  When  all  the  four  comer  sockets  were  thus  imperfectly 
opened  np,  Mr  Inglis  and  myself  divided  between  ns  such  obser- 
vations as  it  seemed  possible  then  to  make ;  he  cboee  the  linear 
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became  he  hod  eome  tolerable  linear,  but  no  angular,  apparatus: 
— and  I  freely  left  him  with  the  linear  duty,  which  I  foresaw  ooold 
only  be  approximate,  and,  in  bo  far,  oonld  be  as  well  done  by  him 
as  by  me^while  I  undertook  the  angular  work ;  and  which,  if  I  had 
not  undertaken,  then  and  there,  would  not  have  been  attended  to  at 
all,  on  that  occasion  of  the  BOcket«  being  opened  np.  Moreoyer,  my 
time  bad  become  so  limited  that  I  could  not  have  undertaketi  both 
Bpectes  of  measurement ;  nay,  even  with  the  angular  meaBuree  alone, 
I  was  not  only  occupied  with  them  from  the  time  of  the  socketa 
being  discovered,  to  the  moment  of  my  being  removed  from  the 
Pyramid  by  the  Egyptian  government,— and  then  had  to  leave 
some  of  those  angular  quantities  very  imperfectly  observed  and 
some  not  at  all, — but  Mr  Inglis  kindly  assisted  me  in  what  I  was 
enabled  to  accomplish ;  as  fally  described  aod  gratefnlly  acknow- 
ledged in  "  Life  and  Work,"  vol.  i.  And  it  was  not  until  after 
I  had  left  the  Pyramid  altogether,  that  Hr  Inglis  found  time 
to  complete  his  promised  linear  part  of  the  measure,  or  the  lengths, 
and  levellings,  from  socket  to  socket.  He  laboured  at  them,  as 
I  believe,  very  conscientiously,  and  sent  me  the  results  by  a  special 
messeoger  when  I  was  leaving  Egypt  for  Scotland :  and  by  me, 
after  having  obtained  Mr  Aitoa'e  consent  and  approval,  they  have 
been  published  to  the  world  in  the  name  of  that  gentleman  and 
his  assistant. 

What  credit  there  is,  therefore,  in  those  linear  measures — the 
first  that  had  ever  been  taken  from  socket  to  socket  round  all  foar 
of  the  sides  of  the  Pyramid — belongs,  worthily  to  Messrs  Aiton 
and  Inglis,  and  no  one  can  take  it  from  them.  But  what  discredit 
is  now  sought  to  be  attached  to  them  by  a  certain  party,  because 
their  measures  are  not  of  the  exalted  accuracy  of  a  well-measured 
trigoDometriual  survey  base-line,  is  not  theirs  (Messrs  Aiton  and 
Inglis) — much  less  is  it  mine,  as  the  Proceeding*'  author  triet  to 
insinuate — but  it  is  the  necessary  consequence,  wbioh  I  expected 
from  the  first,  of  the  measurement  being  attempted  on  the  strength 
of  No.  1  only  having  been  performed,  and  no  attention  paid  to 
Nos.  2  and  3  both  of  my  p.  340,  and  of  my  representation,  from 
the  first  moment  of  arriving  in  Egypt,  to  Hie  Highness  tbe  Vice- 
roy. 
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LUel  Saeond. 

Yet,  Sir,  however  far  from  the  accuracy  compassable  by  employ- 
ing methods  1,  2,  and  3,  nmuitanemultf,  may  be  MeBsrs  Aiton  and 
iDglie'  measures,  made  on  the  strength  of  method  1  alone, — they 
are  vastly  above  aoything  that  can  be  done  in  the  present 
rainona  and  rubbish  encumbered  state  of  the  outside  of  the  Great 
Pyramid,  without  the  assistance  of  that  No.  1. 

After  once,  therefore,  having  obtained,  from  any  observers,  any 
socket  measures  of  the  base-sides,  I  have  deemed  it  waste  of  time 
to  try  to  get  the  true  base-side  length  from  any  older  measures 
taken  by  observers  who  had  no  view  of  the  sockets  to  guide  them ; 
and  I  have  condemned  my  own  attempts  as  well  as  those  of  others 
irretrievably,  when  taken  under  such  impossible  circumstances  for 
accuracy.  Those  ante-socket  measures  were  well  enough  in  their  day, 
as  the  only  approximations  then  procurable ;  but  their  day  closed 
the  moment  that  tlie  vastly  better  approximations,  caused  by  any 
sort  of  measurings  from  socket  to  socket,  had  been  obtained. 

Not  a  little  surprised,  therefore,  am  I  to  find  in  a  paragraph  ex- 
tending from  p.  255  to  p.  256,  that  the  Proceedingi'  author,  after 
having  begun  to  deal  with  toekel  measures,  goes  back  to  some 
ante-socket  measures,  or  the  rudest  possible  approximation  of  mine, 
taken  merely  to  check  a  rumour  that  two  of  the  Pyramid  basis 
sides  were  1000  or  2000  inches  longer  than  the  other  two ;  and  he 
enters  into  a  long  argument  as  to  whether  I  am  not  egt^ously 
wrong  in  applying  to  tbem  a  correction  for  a  double  thickness 
of  casing- stones,  less  by  the  comparatively  insignificant  quantity  of 
14  inches,  than  what  he  would  have  applied. 

I  shall  not  go  into  that  argument  at  all  on  the  present  occasion, 
or  attempt  to  refute  one  chief  insinuation  involved,  viz.,  that  that 
rude  approximation  is  a  sample  of  what  my  best  measuring  for  final 
purposes  would  be;  because— ,/Irft,  I  have  allowed  that  my  mde 
observation  to  be  corrected,  may  be  in  itself  erroneous  by  many 
time»  the  amount  of  14  inches;  seconci,  I  have  nothing  final  fonnded 
On  it,  having  positively  rejected  the  whole  affair,  observation,  cor- 
rections, and  all,  as  unworthy  of  being  looked  to  for  a  moment,  as 
unworthy  of  "any  attention"  for  the  theory,  since  Messrs  Aiton 
and  Inglis'  locket  observations  were  procured :  as  may  be  seen  in 
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my  "  Life  and  Work,"  vol.  iii.  pp.  123  and  124.  And  third,  I  bUU 
think  that  the  conise  I  followed  was  the  correct  one  to  be  pnrsQed 
undei  the  ciicumst&DceB  then  existiDg.* 

*  Although  I  would  not  interfere  with  the  carrent  of  the  argmnent  in  the 
ahoTe  pagei,  concerDing  the  socket  measures  for  the  leogthB  of  the  base-sidei 
of  the  Great  Pyramid,  by  introducing  there  any  refatations  of  ohargei 
bronght  against  me  on  a  different  matter  by  the  Pneudk^t'  author, — I  had 
no  intention  of  eluding  altogether  any  Pyramid  accnaatioD  by  him,  which 
implies  faults  of  a  moat  seriouB  nature. 

Such  an  accusation  is  this  (pp.  266  and  366) — "But  Professor  Smyth  has 
"  '  elected '  (to  uae  hia  own  eipteasion)  not  to  take  the  mathematicslly  exact 
"  measure  of  the  cosing  atones  as  given  by  Colonel  Vyse  and  Mr  Ferrin^ 
"  who  alone  ever  saw  them  and  measured  them  (for  they  were  destroyed 
'■  shortly  after  their  discovery  in  1687),  hut  to  take  them,  without  any 
"  adequate  reason,  and  contrary  to  their  mathematica]  measnrement,  bb  equal 

"  only  to  202  inches, ." 

This  passage  evidentt;  implies  that  I  had  taken  as  202  inches  only,  what 

a  mathematically  accurate  measure  had  made  something  more ;  bow  mnch 

then  1    In  the  pwvious  two  sentences  of  the  Pmxtdingi'  author  (p.  266}  we 

read  that  Professor  Smyth  "  made  each  side  of  the  present  masonry  courses 

"  (of  the  base  of  the  Great  Pyramid)  ■  between  ReOO  and  0000  inches  in 

length,' or  (to  use  his  own  word) 'oiouf' 8060  inches  for  the  mean  length 

of  one  of  the  four  sides  of  the  base :  exclusive  of  the  ancient  casing  and 

backing  stones — which  last  Colonel  Howard  Tyse  found  and  measored  to 

be  precisely  108  inobes  on  each  side,  or  216  on  both  sides.      These  216 

inches,  added  to  Professor  Smyth's  measure  of '  about '  8960  inches,  makes 

one  side  (of  the  base  of  the  Pyramid)  S166  inches." 

Here  then,  evidently,  we  may  see  that  what  the  Procerdingt  author  attaches 
216  to,  is  not  the  casing  stones  alone,  ae  mentioned  in  the  sentence  previonely 
quoted ;  but,  either  the  backing  stones  by  themselves,  or  backing  stones  with 
casing  stones  ;  yet  whichever  it  was,  he  plainly  says  that  Colonel  Howard 
Vyse  measured  the  quantity  to  be  prtritdy  108  ittehei  on  eocA  stic,  or  216  on 
bolh  lidet;  and  we  most  presume  that  this  is  the  matAtmalicatly  eead  tneattm 
which  he  would  have  had  Professor  Smyth  adopt  instead  of  the  quantity  of 
only  202  inches,  and  which  ha  declares  was  taken  by  Professor  Smyth  at  that 
figure  wtCAMif  any  adtqaate  rtasm. 

But  Profeesor  Smyth  states  in  answer, — 

1,  Colonel  Howard  Vyse  did  moet  positively  not  measure  casing  stones  on 
two  lida  of  the  Pyramid's  base ;  he  himself  does  not  say,  or  bint,  that  he  did, 
and  the  condition  of  the  mbbish  mounds  at  the  Pyramid,  testiSes  to  the 
error  of  any  one  who,  like  the  Froeetdingt'  author,  makes  the  assertion  for  him. 

2.  Colonel  Howard  Vyse  did  not  measure  any  lengths  about  the  casing 
stones  which  he  found  on  the  north  side  of  the  Pyramid  with  "  mathematica] 
"  accuracy  ; "  for,  the  casing  stones  themselves,  he  and  Mr  Pening  measured 
only  to  the  nearest  whole  inch ;  making  the  great^t  base-bTeadth  =:  8  feet 
8  inches ;  and  stating  elBswhere  generally,  that  the  ontside  of  the  casing 
Btonea  is  dietant  tiata  the  Pyramid  conraae  of  mde  and  now  broken  masonry, 
at  that  particular  part,  "  about  9  feet."    At  Icaat  that  is  all  tiiat  Professor 
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Libel  Third. 

Id  his  next  paragraph  on  p.  256,  the  Froeeeditiyi'  author  takes  op 
all  the  known  socket  meaaures  of  the  base-sideB  of  the  Pyramid  ; 
and  as  they  are  precisely  those  which  I  have  nsed  for  the  same 
purpose,  and  are  even  taken  from  my  pages, — it  might  be  hoped 
that  there  at  least,  we  might  agiee. 

Bnt  no!  for  in  the  course  of  the  paragraph  that  author  indulges 
both  in  a  most  damaging  (if  true)  accusation  against  me  for  my 
ase  of  the  nnmbers,  and  in  ridicule  against  the  building  and  its 
mechanical  qualities,  for  the  strange  accusation  of, — not  having 
been  better  measured  by  modem  men. 

Now  the  charge  againat  me  lies  within  the  simple  rules  of  aritli- 
metic.  Three  observers,  M.  Jomard,  Colonel  Howard  Vyse,  and 
Mahmoud  Bey,  had  each  of  them  measured  the  north  side  only,  of 
the  Pyramid's  base,  making  it  9163,  9168,  and  9162  Britbh  inches 
in  length,  respectively  to  each  observer. 

But  Messrs  Aiton  and  Inglis  had  measured  all  four  sides,  and 
made  thera  respectively  to  each  side,  beginning  with  the  north  one, 
9120,  9114,  9102,  and  9102  of  the  same  inohes  long. 

From  all  these  numbers  then,  what  shall  we  conclude  to  be  the 
length  of  amean  side  of  the  Great  Pyramid's  base? 

When  only  the  three  first  determinations  were  in  existence,  the 
plain  process  was,  to  take  a  mean  of  them ;  every  computer  assum- 
ing that  the  other  sides  of  the  base  were  of  the  same  length. 
Bnt  Ueasrs  Aiton  and  Inglis'  measures  indicate,  inter  se,  that 
the  northern  side  is  longer  than  the  others.  Can  we,  however,  trust 
their  meaanres  to  the  greatest  difference  indicated,  viz.,  18  inches! 

Smjth  has  been  able  to  find  in  the  Colonel's  books. — and  he  requests  the 
Royal  Society  of  BdinbcTgh  to  ascertain  from  tbe  Prixetdingt'  author  where 
Colonel  Howard  Vyae  has  said  anythiDg  about  106  inches  being  a  preeUe 
and  mathematiealls  exaet  maasnre  bj  him  of  an;  part  of  the  caainK  rtones,  or 
backing  itones,  or  both  togsther. 

S.  Professor  Smyth  Duder  the  accusation  of  having  had  "no  adequate 
reason  "  for  employing  101  inches  rather  than  l08,  as  a  thickness  to  be  added 
on  to  a  present  mtaotaj  conne,  as  he  estimated  it,  to  giro  the  ancient  berelled 
ontside  surface, — reqnests  attention  to  pages  22,  28,  24,  2G,  26,  and  27,  of  vol. 
iii.  of  his  Life  and  Wbrli  where  he  had  discussed  the  mattsr  on  the  best 
data  known  to  him  ;  and  in  a  work  which  was  in  the  hands  of  tbe  Protted- 
mgi'  author  whan  he  eomposed  his  » 
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I  think  uot;  both  because  of  the  necessary  roughness  of  their 
measuring  without  haviug  made  preparations  2  and  3  (of  p.  340); 
and  because  their  quantity  for  the  north  side  differs  by  more  than 
twice  that  difference  from  any  other  person's  measures  of  the  same 
aide.  But  then  again,  who  wilt  vouch  for  these  other  measurers! 
Some  persons  maintain  that  civil-engineeiB  of  the  present  day  are 
so  superior  to  tht^e  of  the  past,  that  Mr  Inglis'  measures  must  be 
the  beet  in  the  field ;  others  again  rather  hold  the  opposite.  How 
then  ought  the  mean  of  all  the  jost- mentioned  numbers  be  token? 
"  Shall  I  take  the  mean  of  all  four  of  Hr  Inglis'  sides  as  one  side, 
"  and  so  give  bim  a  weight  of  one  only,  against  each  of  the  three 
"  older  obserrers?  Or  shall  I  take  each  of  bis  sides  as  a  determi- 
"  nation  as  good  as  each  of  theirs,  and  in  that  case  give  bim  a 
"  weight  of  four,  to  their  one  each?"  That,  however,  would  not 
be  paying  sufGcient  respect  to  the  exceeding  care  with  which 
m.  Jomard,  and  the  Academicians  accompanying  him,  say 
that  they  measured  the  north  side;  wbile  again,  to  give  Uessia 
Alton  and  Inglis  the  weight  of  one  only,  would  not  sufficiently 
mark  a  sense  of  approval  of  their  having  been  the  first  known  men 
to  measure  all  four  sides  of  the  Crreat  Pyramid's  base,  from  socket 
to  socket ;  and  I  woe  bound  in  honour,  and  as  a  witnesB,  to  testify 
for  them  there.    So  I  settled  to  give  them  the  weight  of  two. 

I  do  not  pretend  to  say  that  I  was  quite  right  in  that  estimation 
of  the  probable  worth  of  their  measures.  But  I  do  mean  to  say, 
that  having  first  of  all  pnnted  those  measures  pure,  simple,  and 
complete — and  then  stated  the  principle  on  whioh  I  should  take 
the  mean — I  took  that  mean  honestly  and  fairly;  and  its  final 
result,  to  the  nearest  whole  ioch,  came  out  truly  9142  inches. 

But  the  Proceedingt'  author  implies  that  I  did  not  take  that 
mean  honestly  and  fairly;  and  there  is  the  difference  between  us. 
His  words  are,  "  he  (Professor  Smyth)  takes  two  of  them  (Ur  Inglis' 
"  meaaures)9114  and  9l02~[bvt  ilrangeljfJuitllielaTgeBt,  9120>~a8 
"  data ;  and  strikes  a  new  number  out  of  these  two,  and  out  of  the 
"  three  previous  measures  of  Jomard,  Vyae,  and  Mahmoud  Bey." 

Now,  if  I  had  wilfully  left  out  the  largest  number  of  the  Inglis 
series,  where  each  member  hod  been  considered  of  equal  weight, — 
I  should  have  been  disboneat,  and  unworthy  of  fulfilling  any 
HcientiSc  appointment.    But  I  did  not  do  bo,  either  wilfully  or 
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accidentally.  For  this  is  hov  I  proceeded  to  take  eqaol  account 
of  each  and  ever;  one  of  the  Aiton  and  Inglie'  sides,  while  I  gavv 
their  whole,  the  predetermined  weight  of  two,  against  the  one  of 
each  of  the  other  three  oheervers. 


LitoD  and  Inglie, 

9120 

Jomard,          .        .        =  9163- 

„ 

9114 

Vyse,                               =  9168- 

„ 

9X02 

Mahmoad  Bey,       .         =  9162 

„ 

9102 

Aiton  and  IogliB,ineanof=  9109'6 

Mean  totentbB,  =  9109-5.  Mean,     .  =  9142-1 

or  to  nearest  whole  inch)  =  9142'  * 
Nov  here  is  no  ilrange  exclnsion  of  9120,  when  9114  and  9102 
are  admitted;  and,  in  fact,  such  an  unwarrantable  piece  of  cooking  as 
that  wonid  have  been,  never  entered  my  head,  until  I  read  it  charged 
upon  me  by  the  Proceedings'  author.  It  is,  in  fact,  a  pure  inven- 
tion of  his,  BO  for  as  I  know  or  can  see — though  I  must  request  the 
Council  of  the  Society,  who  have  printed  the  erroneons  accusation 
to  ascertain  what  its  author  has  to  say  in  bis  defence. 

Reported  additional  AtUhoriiy. 

After  Tenturing  the  statement  at  the  end  of  the  same  port^aph, 
nn  p.  256 — that  the  above  mean  length  of  9142  inches,  is  not 
derived  by  "  direct  measurement,  but  by  indirect  logic" — the  Pro- 
ceedings' author  adds  to  my  "  Life  and  Work  "  data,  the  following 
particulars  from  a  subsequently  printed  number  of  the  Athenceum: — 

"  Lately,  Sir  Henry  James  has  shown  that  the  length  of  one  of 
"  the  sides  of  the  pyramid's  baee,  with  the  casing  stone  added,  as 
"  measured  hy  Colonel  H.  Vyse,— viz.  9168  inches — is  precisely 
"  360  derahs,  or  land-cubits  of  Egypt ;  the  derah  being  an  ancient 
"  land  measure  still  in  use,  of  the  len^h  of  nearly  25^  British 
"  inches,  or,  more  correctly,  of  25'483  inches." 

In  this  sentence,  many  persons,  recognising  the  name  of  the 

*'  While  aiiag  (his  qaaotity  in  moet  calculKtioni,  I  mnslly  »la.U  that  it  is 

nncertain,  from  the  lar^e  rlifference  of  ita  factors,  to  the  extent  of  ±   26 

iQcbes.     With  EQch  differences,  we  need  not  descend  to  fractione;  except 

wtere,  aa  above,  tbe  doubling  decided  on  brings  the  fraction  np  to  a  whole 
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principal  head  of  the  Ordnance  Surrey,  ma;  think  that  there  is  a 
new  and  ver;  anthoritative  determination  of  the  length  of  the 
base  side  of  the  Great  Pyramid.  But  a  little  examination  will  soon 
shoVj—JiTit,  a  Blight  inaccuracy;  for  360  times  25'468,  or  9175'€8, 
is  not  i\iB predie  equivalent  of  9168  inches ;  tecond,  that  it  (9175  68} 
does  not  lie  within  the  limits  of  any  of  the  known  sothet  metuurea 
of  the  Gre^  Pyramid ;  and  third,  that  the  derah  of  25488  Brilisb 
inches  long,  is  not  known  to  be  an  ancient  Egyptian  land  measure. 

For  on  what  does  the  alleged  statement  that  it  is  such  a  measure 
depend?  So  far  as  I  can  ascertain,  merely  this  r  that  Sir  Henry  ■ 
James  saw  the  length  and  name  mentioned — in  one  of  Weales' 
rudimentary  treatises  giving  the  weights  and  measures  of  all 
nations  for  Is  and  6i — as  a  modem  Egyptian  measure.  Bnt  more  im- 
portant works  on  modern  Egypt,  as  Lane's  and  Wilkinson's,  do  not 
acknowledge,  so  far  as  I  can  find,  such  a  modern  land  measure, 
neither  do  they  mention  it  as  belonging  to  past  history.  While  all 
of  the  works  together,  or  Weales'  also  as  well  as  these  last,  agree 
that  ike  standard  national  cubit  of  ancient  Egypt  was  very  near  to 
20'7  British  inches  in  length,  or  totally  different  from  25-488  af 
the  same  inches. 

Hence  I  am  inclined  to  fall  hack  after  all  on  my  former  con- 
clusions from  the  Pyramid  socket  observers  above  stated ;  or  to 
believe  that  the  true  length  of  a  mean  side  of  the  Great  Pyramild, 
when  properly  measured  under  guidance  of  the  1,2,  and  3  of  p.  3«0, 
will  be  found  to  lie  within  the  limits  of  9U2  ±  25  Brit/sh 
inches :  i.e.  the  present  uncertainty  is  within  ^Jj  of  the  whole.  \  A 
large  proportional  error — compared  to  what  it  might  he  reducedrto 
any  day,  if  the  Government  were  consenting  to  spend  on  t|'  be 
measures  the  merest  fraction  of  what  the  surveying  of  this  conn'  try 
coste  them  every  year;  hut  only  a  small  proportional  error — as  ct;,  m- 
traated  with  what  affected  our  knowledge  of  the  Great  Pyramid  \  00 
years  ago ;  and  sufSciently  limited  to  enable  us  to  test,  with  cc!  m- 


world. 


SIZE  OF  THE  EAETH. 


In  the  course  of  my  investigations  into  the  nature  and  objei  ;tfl 
of  the  Great  Pyramid,  I  have  had — beginning  with  1864 — to  coi  n- 
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pare  its  measured  size  io  parts,  with  defiDite  portions  of  the  length 
of  the  earth's  axis  of  rotation.  The  length  of  that  axis  I  have 
taken,  suocessivelf,  from  means  of  the  best  determinatioDS  thereof 
by  the  greatest  geodesists  of  the  age,  giving  their  names,  and  gene- 
rally their  original  quantities ;  and  my  adopted  mean  has  always 
been  within  the  limits  enclosed  by  their  several  measures ;  these, 
slightly  differing  from  each  other  in  the  smaller  numbers — but  so 
slightly  as  not  to  prevent  the  earth's  polar  axis  being  now  con- 
sidered an  exceedingly  well  determined  quantity.  Q'hat  is,  it  is 
known  within  a  very  small  fraction  of  the  whole  length ;  which  is 
all  that  man  with  his  merely  finite  powers  can  expect  to  attain  to 
in  any  practical  problem,  whether  it  refers  to  the  length  of  a 
moderate  bar  of  metal,  or  the  dimensions  of  a  oosmioal  globe. 

Accwation  Firtl. 

Nevertheless,  the  Proceedings'  author  accuses  me  of  having  acted 
so  flag'rantly  as  to  have  used  in  my  researches  "  a  auppoaititioua 
polar  axis  of  the  earth,"  p.  261 ;  also  a  something  which  Captain 
Clarke  (an  admitted  authority)  "  did  not  find  it  to  be ; "  and 
finally  he  states,  on  his  p.  263,  that  the  polar  axis  of  the  earth 
"  is  still  itself  an  unknown  and  undetermiiied  linear  quantity." 

This  is  the  three-fold  charge,  and  now  I  have  to  show  that  each 
item  is  utterly  erroneous,  and  is  followed  by  worse  things  still. 

1.  As  to  having  nsed  a  "  supposititious,"  instead  of  the  measured, 
length  of  the  earth's  polar  axis, — I  point  to  p.  450,  vol.  ii.  of  my 
"  Life  and  Work," — where  I  have  quoted  at  length,  and  have  fol- 
lowed in  vol.  iii.  the  results  of  calculations  baaed  on  all  the  best 
known  measures  of  the  earth,  from  the  worthily  authoritative  quarto 
recently  published  by  the  Ordnance  Survey  0£Boe  under  Sir  H. 
JameB,^chiefiy  computed  by  his  excellent  mathematical  assistant 
Captain  Clarke. 

Aecvsalion  Second. 

2.  But  it  is  next  said  by  the  Proceedings'  author,  that  I,  having 
employed  500,500,000  British  inches  for  the  length  of  the  polar 
axis, — have  used  fut  it,  that  "  which  Captain  Clarke  did  not  find  it 
"  to  be."  Let  us  see  if  this  chaige  is  true,  from  the  pages  of  the 
Proceedings'  author  himself.  He  states  that  Captain  Clarke  found 
the  length  of  the  earth's  polar  axis  by  one  mode  of  computation 
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■=500,522,804;  and  by  uiother  mode  500,482,296  Britieb  inchea. 
The  Proceedings'  ftuthoi  does  indeed  considerably  confuBO  bis  ex- 
planation of  the  principles  of  eacb  method;  and  wheiefore  the  final 
diffeience  out  of  the  same  obseirational  qnantities  to  begin  with, 
— but  his  nambera  are  conect,  and  are  probably  derived  from  my 
own  pages  with  their  peculiar  mode  of  expressing  Captain  Clarke's 
results  of  feet  or  yards,  in  inches,  and  showing  them,  sometimes 
for  the  whole  axis  (vol.  iii.  p.  134)  and  sometimes  for  the  semi- 
axis  (as  in  vol.  ii.  p.  450.) 

Now,  Captain  Clarke  himself  does  not  attempt  (as  I  had  already 
shown  in  "Life  and  Work,"  vol.ii.p.451)todecideentirelybetweoD 
the  two  calonlated  results  he  bus  given, — but  he  states  each  of 
tbem,  and  Beems  to  leave  his  readers  to  do  as  they  like  between  the 
two.  Anywhere  between  the  limits  of  his  two  quaDtities,  therefore, 
is  to  be  looked  on  as  derived  from  him,  and  as,  in  fact,  his  deter- 
mination, lather  than  any  one  else's,  especially  if  with  some  refer- 
ence to  bis  limits  of  eirot  or  variation. 

Now  the  exact  arithmetical  mean  of  the  Captain's  two  published 
quantities,  stands  thus — 

First  computation,  500,482,296 
Second        „  500,522,804 


Mean,    600,502,550 


or  differing  from  500,500,000,  by  only  ^th  of  the  amount  of  the 
debateable  ground  between  the  two  almost  equally  important 
factors  given  by  him.  If,  moreover,  a  very  little  iuorease  of  weight 
be  extended  to  the  first  result,  on  account  of  the  rather  higher 
analysis  by  which  it  is  brought  out  by  Captain  Clarke,  the  ten- 
dency is  to  reduce  even  that  small  difference,  or  perhaps  throw  it 
to  the  opposite  side.  Wherefore,  if  any  one  will  only  trouble  him- 
self with  as  many  rough  digits  as  he  can  be  certain  of, — Captain 
Clarke's  whole  result  may  be  stated  in  a  compendious  manner  as 
500,500,000  with  a  probable  error  of  =t:  20,000  British  inches. 

If  then  I  had  stated  the  length  of  the  earth's  axis  as  outside 
all  Captain  Clarke's  debateable  ground  between  his  two  results,  say 
at  500,550,000  or  500,450,000  inches,— the  Proceedingt'  author 
might  have  truly  said  that  I  had  stated  it  at  a  figure  which  Captain 
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Clarke  did  not  find  it  to  be ;  but  when  I  stated  it  close  to  the 
middle  of  his  debateable  ground,  and  after  giviDg  his  two  limits  of 
that  ground, — tbis  second  charge  of  the  Froctedingtf  aathor  is  no 
truer  than  the  first ;  and  appears  to  me  a  deliberate  misrepresenta- 
tion of  the  numerical  results  before  him. 

Second  Pari  of  Acciualion  Second. 

2,  2d  part. — Not  content,  however,  with  making  the  charges 
indicated  above,  the  Proceedingt'  anther,  on  his  p.  261,  asks — 

"  But  is  there  any  valid  reason  whatever  for  fixing  and  deter- 
"  mining  as  an  ascertained  roalhematical  fact,  the  polar  axis  of 
"  the  earth  to  be  this  very  precise  and  exact  meaanre  (viz., 
"  500,500,000  Britieh  inches),  with  its  formidable  tail  of  nothings?" 

And  then  he  answers,  vrith  implied  crimination,  "  None,  except 
"  the  supposed  requirements  or  necessities  of  Professor  Smyth's 
"  pyramid  metrological  theory." 

But  upon  which  Professor  Smyth  remarks,  that— first,  he  has  not 
done  what  the  author  describes  in  his  question ;  but,  as  already 
shown,  has  taken  his  numbers  from  the  results  of  computed  mea- 
sures of  practical  observers ;  and  second,  it  is  an  uncalled  for 
calumny  to  say  that  Professor  Smyth's  pyramid  metrological  theory 
requires,  or  necessitates,  that  there  should  be  any  particular  or 
very  precise  number,  and  with  many  O's  at  the  end  of  the  British 
inches  in  the  length  of  the  earth's  axis  of  rotation.  From  his  first 
quotations  from  Airy,  Schubert,  Herscbel,  Bessel,  and  others,  down 
to  his  last  from  the  Ordnance  Survey  volume,  Professor  Smyth,  in 
prosecution  of  the  Pyramid  metrological  theory,  has  merely  sought 
to  know  how  many  British  inches  long,  those  who  have  measured 
the  said  axis, by  the  nearest  approximations  that  can  be  made, — have 
found  it  to  be  I  and  whatever  the  latest  and  best  measurers  have 
found  and  proved  it,  he  has  always  accepted  ;  and  he  is  still  ready  to 
act  in  the  same  manner,  for  any  geodeeical  results  of  the  future, 
if  they  shall  be  proved  intrinsically  better  than  the  existing  ones. 

Accutation  Third. 

3.  Further  on,  however  (at  p.  263),  comes  a  more  wide-sweeping 
libel ;  and  now  against,  not  Professor  Smyth,  but  Captain  Clarke, 
Sir  H.  James,  and  all  the  greatest  geodesiste  of  eveiy  country 
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throughoat  the  civilized  world ;  for  after  all  their  efforts  during  the 
last  fifty  ye&ra,  and  uotwithBtanding  the  stupeDdonsly  large  snr- 
veye  they  have  been  carryiog  od,  at  an  enormous  expense  to  the 
nations  concerned,  in  order  to  ascertain  the  size  and  shape  of  the 
earth, — the /*roceafin^8' author  declares,  that  the  length  of  the  polar 
axis  thereof,  "  is  still  an  unknown  and  nndetermined  linear 
"  quantity." 

Tet,  if  we  take  even  twice  Captain  Clarke's  two  limits,  already 
given, — the  difTetence  of  their  mean  from  either  one  or  other, 
amounts  to  less  than  iTrinrtli  P^^  <•'  ^^^  wliole  axial  length : — 
a  proportional  quantity,  which,  on  a  foot-mle,  would  be  equal  to 
a  lengthening  or  a  shortening  of  it  by  much  le^  than  the 
breadth  of  a  hair  of  the  finer  human  order.  And  inasmuch  as 
rules  are  sold  in  good  opticians'  shops  as  foot  rules,  or  as  being  of 
the  known  length  of  a  foot,  though  they  may  differ  from  each 
other  in  length  by  more  than  ten  whole  hairbreadths, — why,  it 
is  plain  that  the  length  of  the  axis  of  the  earth  is  to  be  considered, 
even  as  compared  with  some  modern  measuring  rules,  to  be  remark- 
ably well  determined  and  known.  The  statement  of  the  Proceed- 
ingt'  author  is  therefore  an  unfounded  slur  on  the  work  and  re- 
putation of  the  beet  astronomers,  geodeaists,  and  xurreyora  of  many 
countries,  both  in  the  present  and  past  generations;  men  who 
have  deserved  exceedingly  well,  both  of  the  scientific  and  general 
public,  throughout  the  whole  civilized  world. 

Accusation  Fourth. 

4.  That  in  the  same  Proceedings'  paper,  where  the  length  of  the 
earth's  axis  has  been  declared  by  ita  author  to  be  "an  unknown 
"  and  undetermined  linear  quantity," — there  should  be  the  follow- 
ing sentence : — "  The  engineers  and  mathematicians  of  different 
"  countries  have  repeatedly  measured  a  meridian  arc  of  a  degree  of 
"  sixty  milea,  in  order  to  use  it  as  a  standard  for  linear  divisions. 
"  As  part  of  their  standard,  they  measure  off  sixty  miles  of  the  ir- 
"  regular  earth-surface  of  a  kingdom  with  almost  perfect  mathe< 
"  matical  exactitude," — may  seem  extraordinary. 

Extraordinary  in  the^rsf  place — because,  though  a  project  has 
been  started  from  time  to  time,  of  using  some  special  round  and 
even  subdivision  of  the  length  of  a  sexagesiroal  degree  of  the  meri- 
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(lian  for  a  standard  of  measure,— it  baa  certainly  not  become  a 
common  practice  among  nations,  nay  I  donbt  whether  a  eingle 
people  has  adopted  it :  and  extraordinary  in  the  second  place,  be- 
canee,  if  snch  degrees  of  the  meridian  can  be  measured  with 
"  almost  perfect  mathematical  exactitude," — the  length  of  tbe 
earth's  axis  can  be  computed  from  them  to  the  same  proportional 
amount  of  most  remarkable  perfection ;  instead  of  remaining  as 
the  Proceedingt'  anthor  says  it  does  remain,  "  an  unknown  and  un- 
"  determined  linear  quantity." 

The  question  arises,  therefore,  wby  has  the  calculation  not  been 
made?  And  the  answer  must  be — that  no  one  but  the  Proeeedingt' 
author  knows  of  any  such  marvulloua  data  for  the  purpose:  and  he  is 
either  so  inexpert  at  the  compntatioD  that  he  cannot,  or  so  careless 
of  the  state  of  geodesical  knowledge  in  hie  time,  that  he  does  not 
choose  to,  make  the  very  great  improvement,  which  bia  statement 
implies  that  he  might  do,  in  oui  physical  knowledge,  or  in  our  idea 
of  the  exact  length  of  the  earth's  polar  axis,— the  most  important 
base  which  men  can  refer  to  for  measuring  tbe  sizes  and  distances 
of  the  sun,  planets,  and  stars. 

Ho  one  else,  I  repeat,  knows  of  these  almost  absolutely  perfect 
data.  Such  earth-axial  knowledge  as  that  represented  by  tbe  last 
volume  of  the  Ordnance  Survey,  is  based  certainly  upon  the 
measured  lengths  of  arcs  of  the  meridian, — but  not  depending 
on  measarements  of  one  degree  only.  On  the  contrary,  there  is  a 
class  of  errors  concerned,  whose  proportional  effects  increase  so 
rapidly,  with  the  emallness  of  tbe  arc,  that  the  tendency  of  the  age 
has  long  been  to  measure  an  arc  of  as  many  degrees  as  possible, 
instead  of  only  one  degree.  Hence,  both  in  India,  and  Bussia, 
Britain,  France,  and  Germany,  the  arcs  measured  have  been  made 
to  contain  even  10°,  30°,  and  60°,  by  extending  them,  where  pos- 
sible, across  neighbouring  countries.  Thus  tbe  Indian  arc,  began 
near  Gape  Comorin,  is  being  pushed  northward  over  the  Himalayas. 
The  Russian  meridian  arc,  commenced  at  North  Cape,  has  crossed 
the  Dannbe,  and  is  approaching  the  Mediterranean  ;  while  all  the 
states  of  Europe  are  at  this  moment  engaged  In  a  grand  arc  of 
parallel,  stretching  from  Valentia  in  Ireland  to  the  Ural  Houn- 
tains  in  Bussia. 

Tet  though  both  Captain  Clarke's  and  other  geodesists'  results 
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are  baaed  on  alt  these  large  arcs,  and  which  must  give  more  accu- 
rate resnlta  than  if  the  same  parties  had  meaaared  eiDgle  degrees 
only, — the  Proceedingt'  author  pronouncee  their  final  dednctions 
worthless,  in  so  far  as,  in  spite  of  them  and  the  faultless  formnls 
of  computation  employed,  the  length  of  the  earth's  axis  is  "  still  an 
"  unknown  and  undetermined  linear qnantity;" — what,  then,  most 
not  he  the  overwhelming  excellence  of  the  single  degree  arc-of-the- 
meiidian  meaanres,  which  the  same  fanlt-finding  anthor  describes 
in  the  same  critical  paper,  as  endned  "  with  almost  perfect  matbe- 
"  matical  exactitude?"  Why,  of  course,  they  must  be  supernaturally 
perfect,  tje.,  if  tbey  exist.  But  do  they  exist?  At  present  we 
liave  only  the  word  of  the  Proceedingt'  anthor  that  they  do.  And 
why  has  be  favoured  the  world,  through  the  Boyal  Society  of  Edin- 
bnrgb,  with  his  statement  to  that  effect  ? 

"  Because  he  knows  of  their  exiatence,  and  caa  prodnce  them," 
ongfat  to  be  the  answer.  But  if  that  answer  be  not  rendered? 
Why  then  we  have  only  to  look  to  the  sentence  following  that  one 
which  we  quoted  near  the  head  of  this  article  4 ;  aad  there  stands  a 
reason  of  a  very  exceptionable  order,  and  which  manifests  its  nature 
increaaingly  in  the  latter  portions  of  the  Proceedingi'  paper.  That 
reason  is  given  in  the  words, — "  Professor  Smyth  holds  that  the 
"  basis  side  of  the  Pyramid  has  been  laid  down  by  Divine  authority 
"  as  such  aguiding  measnre." 

Acaualion  Fifth. 

In  the  above  sentence  then,  we  have  touched  at  last  on  the  origin 
of  the  unnatural  excellence  attribnt«d  to  certain  unknown  surveyors' 
snd  mathematicians'  meaanres  of  60  miles  long:  viz.,  Professor 
StnytbholdsthatBomethingaboutthedeaigniDgoftheGreat  Pyramid 
was  due  to  Divine  inipiratitm  afforded  to  its  architect  ;*  and  imme- 
diately the  Proceedings'  author  inainuatea  that  juat  such  a  some- 
thing is  often  accomplished  by  unassisted  man  in  the  present  day, 

*  Id  the  tame  ciBuner  m  we  read  in  the  Bibla,  it  did  occaelonall;  pleau 
the  Almighty  to  issae  inetractionB  for  practical  wotka,  showiiig  the  pattam 
thereoF.  ptoaonncing  the  sizes  thej  were  to  be  mode  in  all  theii  chief  parts, 
and  sometimes  even  inspiriag  the  workmen  with  the  Teqnisite  skill  to  prepare 
them.  See  Exodus  »xi.  I-ll ;  1  Ghroaiclea  ixviji.  11, 12,  and  Ift.  20;  Acte 
lii.  44;  nnd  Hebrpws  viii.  5. 
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and  carried  out  b;  him  both  on  a  vastly  larger  scale,  aiul  with  in- 
finitely  mote  accuracy. 

Of  course  a  line  60  miles  long,  u  on  a  larger  scale  in  mere 
length,  than  one  side  of  the  base  of  the  Great  Pyramid,  only  |th 
ofone  mile  long.  Bat  then  what  is  there  similar,  between  measuring 
60  milea'  length  of  open  country  in  the  latter  days  of  the  worlJ, 
and  the  building  of  a  tianscendent  monument  in  primeval  times, 
with  an  excellence  of  masonry  never  since  surpassed,  and  able  to 
endure  and  bring  down  through  more  than  4000  years  proof  of  a 
-  pure  mathematical  figure  of  important  meaning,  besides  many 
physical  symbolizatiuns  expressed  in  the  size  of  the  whole  and  its 
parte,  as  well  as  in  their  astronomical  emplacement  7 

The  two  things  are  evidently  of  a  tutolly  different  kind,  and  we 
should  have  nothing  more  to  reply  to  under  the  head  of  accusa- 
tion (5),  unless  the  Proceedings'  author  had  farther  propounded  the 
following  depreciation  of  both  the  modern  measures  of  the  Great 
Pyramid's  base-side,  and  the  said  base-eide  itself;  in  the  follow- 
ing words  (p.  256)  ;  — 

"  Surely  it  {the  base-side  of  the  Great  Pyramid)  is  a  very  strange 
"  standard  of  linear  measure  that  can  only  be  thus  elicited  and  de- 
"  veloped — not  by  direct  meBaarem«nt,  bat  by  indirect  logic,  and 
"  regarding  the  exact  and  precise  length  of  which  there  is,  as  yet, 
"  no  kind  of  reliable  and  accurate  certainty." 

Now,  the  recorded  and  received  meaBures  of  the  Pyramid's  base- 
sides  are,  no  doubt,  as  we  have  already  seen  at  p.  331,  sadly 
rough  and  mde ;  but  then  they  are  in  so  far  true  measures,  made 
by  actual  surveyors,  French,  British,  and  Egpytian,  at  varioun 
periods  during  the  last  70  years,  and  not  results  ascertained  by 
"  logic." 

There  is  also,  at  present,  as  already  shown  at  p.  852,  iotm  amount 
of  reliable  certainty  as  to  the  meaenred  length ;  and  if  any  one 
desires  to  have  that  amount  of  certainty  increased, — let  them, 
especially  if  tbey  are  rich  men,  adopt  the  necessary  practical  means 
for  obtaining  it :  as  indicated  on  p.  340, 

The  Proceedings'  author,  indeed,  intimates  that  the  length  of  the 
Pyramid's  base-side  eawnot  be  obtained  by  the  ordinary  human 
means,  viz.,  direct  measurement,  but  only  by  indirect  logic.  How 
logic,  whether  direct  or  indirect,  is  to  procure  it,  i  do  not  prep 
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know.  And  equally  ara  I  ignorEiiit  why  direct  measarement  should 
not  be  equal  to  the  problem  ;  for  there,  defined  by  the  incised 
corner  eockete,  is  a  length  marked  in  a  levelled  surface  of  founda- 
tional rock,  and  capable,  when  certain  modem,  adventitioys  monnde 
of  rubbish  are  cleared  away,  of  being  measured  as  accurately  ae  any 
base-litie  that  modem  surveyors  have  measured  on  any  part  of  the 
earth's  surface. 

Therefore,  if  modem  men  do  not  yet  know  that  Pyramid  base- 
side  length  accurately,  whose  is  the  fault,  but  their  own ;  and  instead 
of  vilifyiug  the  character  of  the  Great  Pyramid,  it  would  be  more 
to  the  purpose,  were  they,  eveu  now  at  the  eleventh  hour,  to  take 
shame  to  themselves,  and  send  out  a  strong  party  of  surveyors 
and  measurers,  to  undertake  the  work  they  have  not  yet  performed, 
and  with  all  those  same  means  and  appliances,  which  they  employ 
in  any  other  case  where  good  lineal  measures  over  long  distances 
art)  required. 

THE  SACEED  CUBIT  OF  THE  HEBREWS. 

In  his  pages  257  and  25S,  the  Proeeedingt'  author  states,  latber 
ambiguously,  that  Professor  Smyth  believes  that  the  length  of  the 
base-side  of  the  Great  Pyramid,  when  measured  with  a  standard 
whose  length  is  the  ten-milliontb  part  of  the  semi-axis  of  the 
earth,*  exhibits  the  number  of  days  and  parts  of  a  day  in  the  year; 
that  that  standard  is  the  Pyramid  Cubit;  that  it  is  the  same  in 
length  as  the  Sacred  Cubit  of  the  Hebrews— such  cubit  measuring 
25  Pyramid  inches,  =  25025  British  inches ;  and  that  the  whole 
idea,  apparently,  of  the  metrical  theory  of  the  Great  Pyramid,  is 
built  upon  the  correctness  of  this  Hebrew  cubit  datum. 

The  author  then  goes  on  more  distinctly  to  attack  that  datum, 
and  to  show  that  it  is  exceedingly  incorrect :  That  Sir  Isaac  New- 
ton came  long  ago  to  the  conclusion  that  the  true  length  of  the 
Sacred  Hebrew  Cubit  was  24-82  inches,  from  which  it  must  not  be 
altered :  And  that  Professor  Smyth,  in  taking  the  means  of  Sir 
I^aac  Newton's  original  quantities,  and  representing  them  as  25*07 
*  According  to  Captain  Clarke's  two  limita  already  gSren,  sQch  frectiou 
miut  lie  betweon  2S-(K6  and  2G'024  BritiBli  inchea;  wherefore  I  have  uanallf 
taken  2G'026  ±  'OOl  British  iDches  as  the  practical  qaantit;  to  apply :  ja 
BO  far  I  believe  iu  accordance  with  the  eminent  and  exemplary  anthority  of 
Sir  John  Heischel. 
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±  -10  British  inchee,  made  a  gross  mistake ;  for  the  mean,  of  cer- 
tain intermediate  numbers  printed  by  bim,  is  really  25-29. 

Now,  in  tbe  first  place,  it  must  be  seen  pretty  clearly  by  most 
persotiB  that  the  length  of  tbe  Sacred  Cubit  of  tbe  Hebrews  cannot 
be  really  necessary,  in  a  direct  way,  to  the  metrical  theory  of  a 
building  erected  long  before  tbe  time  of  Abraham.  And,  indeed, 
the  modem  Pyramid  scientific  tbe(»y  was  elaborated  without  any 
dependence  upon  it,  and  still  stands  on  its  own  fonndation  and  refer- 
ences to  science.  But  after  the  Pyramid  theory  was  so  far  worked 
out,  and  had  produced  a  Pyramid  cubit  of  a  particular  length, — then 
that  length  was  compared  with  other  cubits :  and,  though  found 
utterly  different  from  tbe  cubits  of  Bgypt,  Babylon,  Assyria,  and 
other  pagan  Gentile  nations, — yet  came  very  close  to  what  Sir 
Isaac  Newton  bad  deduced  for  tbe  length  of  tbe  Sacred  Cubit  of  tbe 
Hebrews. 

Sir  Isaac  Newton's  treatise  was  therefore  examined,  and  while  it 
was  found  that  he  looked  upon  his  adopted  result  as  only  tem- 
porary, imperfect,  and  even  distinctly  to  be  replaced  at  a  future  time 
by  some  other  person's  completer  researches, — a  careful  re-examina- 
tion of  bis  data,  according  to  modem  methods,  led  Professor  Smyth 
to  a  slightly  different  quantity,  as  being  a  better  approximation  to 
the  trath  therein  enreloped,  viz.,  the  length  of  the  sacred  Cubit  of 
the  Hebrews,  than  that  quantity  which  Sir  Isaac  bad  employed. 
This  difiereoce  was  not  of  an  amount  to  alter  our  most  eminent 
philosopher's  grand  conclusion  aa  to  tbe  total  difTerence  between 
that  Sacred  Cubit  of  the  Hebrews,  and  the  profane  cubit  of  tbe 
Egyptians, — bnt  only  to  affect  a  residual  ^eation  of  a  much  minor 
lineal  difference,  and  which  had  not  occurred  to  him,  or  to  any  one 
in  his  day. 

I  fully  believe,  therefore,  that  Sir  Isaao  Newton  himself,  were 
he  still  alive,  would  allow  that  my  deduction  of  25'07  ±  '10 
British  inches,  from  his  several  data,  expressed  chiefly  in  Roman 
nnciffl,  is  a  truer  result  than  bis  of  256  Boman  anciee,  interpreted 
variously  by  modern  authors  as  anywhere  between  24-75,  24*82, 
and  24-89  British  inches. 

In  order  that  there  might  be  no  mistake  about  what  Sir  Isaac 
Newton's  opinions  and  data  were,  I  reprinted  in  the  2nd  vol.  of 
"  Life  and  Work,"  the  whole  of  his  original  paper ;  and  only  com- 
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menced  the  discusBioD  upoD  them  in  a  Bubaequent  part  of  tbe 
vulume.  In  that  portion  of  my  work,  it  has  recentlj'  been  dis- 
cuvered  that  there  is  an  uuforLuntite  misprint  of  certain  intervening 
computed  qoantitiee,  between  Sir  Isaac's  original  data,  and  my 
final  deduction  from  them;  some  erroneous  slip  of  paper  having 
apparently  got  introduced  into  the  TtfS.  fiaaily  sent  to  the  printer. 
I  acknowledge  that  there  is  such  an  error,  thank  those  cordially 
who  have  discovered  it ;  and  have  already  rescinded  it  from  the 
volume  by  printing  it  as  an  error  in  a  list  of  errata,  of  which  list  I 
place  a  bundle  of  examples  on  the  table,  so  that  any  member  who  has 
a  oopy  of  "  Life  and  Work,"  may  supply  himself  with  this  addition. 

A  very  little  attention  in  collating  and  comparing,  would  have 
indicated  to  the  FTOceedingt'  author  that  these  intermediate  figures, 
as  they  are  printed  in  the  2d  vol.  of  my  "  Life  and  Work,"  p. 
458,  are  simply  misprinted  ;  for,  they  are  neither  correctly  derivable 
from  the  original  quantities,  nor  is  the  following  mean  derived 
from  them.  But  he  has  chosen  rather  to  suppress  tbe  fact  of  my 
having  given,  in  the  same  volume.  Sir  Isaac  Newton's  original 
numbers,  and  given  them  correctly  and  completely,  to  tbe  extent 
of  several  pages ;  omits  Sir  leaao's  statement  that  he  looked  on  hia 
one  chosen  and  adopted  quantity  as  temporary, — ^parades  in  Pro- 
eeedinga,  p.  258,  my  misprinted  intermediate  figores,  aa  if  they  were 
all  important  original  ones ;  and  glories  in  pointing  out  that  the 
mean  put  by  me  underneath  them,  is  not  the  correct  mean  of  those 
numbers.  Of  course  it  is  not ;  because  it  was  derived  from  other 
numbers.  And  as  both  that  final  mean  of  mine  is  rightly  printed, 
as  intended,  and  tbe  orif^toal  quantities  are  also  correctly  printed, — 
what  occasion  was  there  for  bringing  np  this  accidental  misprint  of 
some  intervening  figures  so  very  prominently,  and  alluding  to  it 
as  something  radically  subvereive  of  the  whole  theory  of  the  Greut 
Pyramid? 

To  assist  those  who  may  try  to  ascertain,  I  subjoin,  in  a  note,  a 
description  of  the  numerical  partioulais  of  the  case,  prepared  origi- 
nally for  the  emUa  list  in  "  Life  and  Work ;  "*  and  now  I  pass  on 
to  the  consideration  of  the  next  principal  section. 
*  Sir  Itaae  Iftwlon'i  NuinhtTt/or  Ihe  Length  t^Ae  Saertd  Ciibil  qftht  Bdretri. 

At  p.  466,  vol.  1).  of  L\fi  and  Work  at  Vu  Ortat  Pyramid,  there  it  an  unfor- 
tunate miBprinting  of  the  calculated  numbera  repiesentiQg  in  Britieh  inches. 
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SIGNIFICANCE  OF  OYPHEES  AND  FIVES. 

UDdei  the  above  head,  p.  264,  the  Proceedings'  anthor  baa  some 

remarks  as  to  certaio  persons,  in  tbeir  comparisons  of  lengths  io 

tlie  Gi«at  Pyramid,  with  the  size  of  the  earth,  imagining  "  that  if 

the  qnuititiea  from  which  the  mean  "  26-07,  ^  -10  British  inches,"  for  a  aev 
statement  of  the  leDE;th  of  the  above  cnbit,  wu  denied.  This  final  mean  is 
correctly  given,  as  intended ;  so  likewise  are  the  cr^iniil  tenns,  expressed 
chiefl;  in  Bomaii  Unciie,  in  Sir  Issaa  Newton's  Dissertation  on  Cubits, 
repriuted  at  pp.  S54-S6S.  No  important  mischief  therefore  is  likely  to  have 
Bccraed,  from  this  error  in  printing  one  of  the  mttrmedialt  steps.  But  aa 
the  error  is  an  undoubted  blemieh,  which  I  macb  regret,  have  cancelled  in 
the  list  of  ertala,  and  sincerelj  thank  those  who  haTe  colled  mj  attention  to 
it, — 1  hasten  to  give  the  following  diBcasaion  de  novo. 

At  p.  8C6,  of  Sir  Isaac's  treatise  above  mentioned,  he  Bssamcs  26}  Boman 
nncis,  to  represent  the  length  of  the  Sacred  Cubit  of  the  Hebrews, — a  cubit 
which  he  had  elsewhere  shown,  there  were  grounds  for  believing  that  that 
people  possessed  before  the;  went  down  into  Egypt,  and  had  had  specially 
brought  to  their  attention  again,  for  religious  matters,  after  leaving  Egypt 
under  Uoees. 

But  Bir  Isaac  Newton  wis  not  at  all  confident  of  having  obtained  the  pre- 
cise length,  to  the  last  figure  put  down  in  his  arithmetical  expression.  And 
he  particularly  and  almost  prophetically  says, — 

"  This  is  what  I  thought  proper  to  lay  down  alpraenl  with  regard  to  the 
"  magnitude  of  this  cubit.  Hereafter,  perhaps  those  who  shall  view  the 
''  sacred  mount,  and  the  monuments  of  Ibe  ChaldaaaM,  by  taking  accurately 
"  the  various  dimensions  of  the  stones,  bricks,  foundations,  and  walls, 
'  and  comparing  them  together,  will   discover  something  mors  sereutn  and 

Now  nihat  Sir  Isaac  laid  down  at  that  then  present  time,  was  abundantly 
sufflcientl  for  bis  then  purpose:  or  to  prove,  that  there  existed  a  most  eensible 
and  posit  ve  difference  in  the  length  of  that  sacred  {or  2S|  uncie)  cubit  of  the 
Hebrews  — and.  of  the  profane  cubit  of  the  Egyptians,  whose  length,  eipreased 
in  the  SI  me  Koman  unciie,  was  hardly  more  than  21-8.  And  in  this  last 
coudusii  u,  he  is  so  eminently  borne  out  by  all  subsequent  investigators,  that 
that  Bubj  let— or  the  length  of  tiieprnfane,  or  ancient  Egyptian  national  cnbit — 
need  not  be  stirred  again. 

But  wj  thin  the  last  few  years,  another,  and  a  more  refined,  or  a  residual 
question  has  arisen,  which  apparently  never  crossed  Sir  Isaao  Kewton's  mind, 
vis.,  was  the  Sacred  Cubit  of  the  Hebrews,  taken  by  itself,  accurately  the  ten- 
miUiontl:  part  of  the  length  of  the  Polar  semi-axis  of  the  Garth  ?  And  aa 
this  quai  Uty  in  Nature,  according  to  modem  aoience,  is  something  very  dose 
to  26-8  toman  UQCin.—Sir  Isaac's  determination  of  25  and  |,  U.,  26-6  of 
is  for  the  Sacred  Cubit,  is,  to  say  the  least  of  it,  so  near — 
especialky  for  a  confessed  imperfect  approximation,  from  a  portion  only  of  the 
materials  collected, — that  it  becomes  intensely  important  to  submit  all  the 
data  to  &  more  rigid  scrutiny  than  before ;  with  the  caution  moreOTer  In  view, 
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"  by  multiplying  one  of  their  meaeuree  or  objects,  tbey  can  run  the 
"  calculation  into  a  long  tail  of  terminal  O'b,  then  aometbing  very 
"  exact  and  marvelloua  is  proved."  Thia  he  derides,  because,  ac- 
of  Uiigniiig  some  limits,  within  which  we  may  feel  toleraibly  certain  of  the 

The  seTeral  qDantiticB  therefore,  extracted  from  m;  repriat  of  Sir  Isaac 
Ifawton's  paper  (but  to  which  iu  the  origiDol,  I  cordiaUy  refer  bU  Teadere), 
and  leduced  to  British  inches— at  the  appioiimalel;  aascmed  rate  of  12-16 
for  1  Attic  foot ;  aud  OS?  for  1  Boman  tMciit— ore  as  follows :— 


Apjiroxl- 

HithodoiRduucx. 

Feet. 

Romu 

S^ 

Briltah 

Brltteh 
Incha. 

1. 

From     ToImudistB     and 
Josephns,  by  the  Greek 
cubit(p.865>Vol.ii.,of 
Life  and  FbrA,  between 

2* 
and 

2 

... 

... 

81-24 
24-SC 

Meuior 

27-77 

2. 

From  Talmndists,  bj  proportions 
of  hnman  body  (p.  866),  be- 

28J 
24- 

27-94 
28-28 

I256I 

8. 

Josepbtu  by  pillars  of  Temple,  in 

2i 

2 

260 

24-0 

27-16 
28-28 

1 26-22 

i. 

By  Talmndists-  and  '■  aU  Jews'  " 
ney  (p.  868),  between    .    .    . 

21 
2 

28-0 
24-0 

27-16 
23-28 

1 26-22 

6. 

tion  of  steps  ascending  to  Inner  Conrt 
(p.  868),  bstween 

270 
24-0 

26-19 
28-28 

(24-74 

S. 

By  many  Chaldaic  and  Hebrew  propor- 
tions to  Cobit  of  MeiupbU  {p.  862)     . 

26-6 

24-88 

24-88 

7. 

From  a  statement  by  Mersennos,  as  to 

Sacred  Cubit  of  the   Hebrews,  pre- 

■erred  in  a  secret  way  from  the  know- 
ledge of  the  Christians  (p.  868)      .    . 

26-68 

24-91 

24-91 

1 

The  simple  mean  of  the  last  column,  =  26-47  British  inches,     Bjot  that  is 
unt  a  proper  method  there ;  because,  not  only  has  Sir  Isasc  Newton  'sTidently 
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cordiDg  to  him,  "  many  small  objects,  vlien  thus  multiplied  snffi- 
"  ciently,  give  equally  Bturtling  striDgs  of  O'b  ;"  and  he  then  goes 
on  to  furnish  three  euch  examples  ;  the  first  being  made  gratuitously 
shown  that  he  had  moat  confldance  in  hii  two  lait  determinatiana  ;  bnt  hit 
first,  by  its  veiy  wide  limits,  shows  thst  it  is  bj  fni  the  least  trostworth;  of 
all.  Some  decrease  of  weight,  theiefore,  for  No  1.  and  increase  for  Not.  6 
and  7,  require  to  be  made.  How  macb  preciself,  it, is  impossible  to  sa;  ;  bat 
perhaps  1  for  the  former,  and  B  for  each  of  the  two  latter,  the  intermediate 
quaoUties  being  reckoned  at  1  each, — ma;  be  considered  fair  and  probable. 
In  which  case  the  neao  comes  out,  26-06  British  inches. 

While,  simplj, — and  in  fact  as  I  did  on  the  flnit  occasion,  nsing  then  a 
slightl;  different  ralne  of  the  Itoman  nncia, — throwing  awaj  the  one  verjr 
objectionable  obserralion,  and  taking  a  juean  of  the  rest,  unweighted,  gicea 
26'OS  of  the  same  inches. 

Bnt  neither  26-09,  nor  26-06  are  fnll;  safe,  either  in  the  second,  or  per- 
haps the  first,  place  of  decimob;— for— besides  the  uncertainty  connected 
with  the  proper  weighting  of  each  of  the  remits,  according  to  the  different 
kind  of  docnmentarj  evideDce  obtained  by  Sir  Isaac  Newton  on  each 
occasion, — there  is  considerable  nncertaiut;  in  the  valne  of  a  Boman  nncia, 
expressed  in  British  inches.  We  have  tatumed  as  above,  that  the  former 
^  0-97  of  the  latter:  but  modern  scientific  and  architectural  authorities  are 
funod  anywhere,  between  Zach  at  O'SGSl  and  Penrose  at  0-97286 ;  and  might 
teqnire  ns  to  reduce  onr  final  qnantitiea  by  —  -06,  or  increase  them  by  -i-  -06 
of  an  inch  ;  or  by  any  intermediato  Sgare. 

Wherefore,  the  statement  already  printed  at  p.  468  of  toI.  ii.  of  Life  and 
Work  at  the  Onat  PjiTamid,~U.  2607  ^  -10  British  inches,  for  the  beat 
result  dedacible  from  all  Sir  Isaao  Newton's  approved  approximations  for 
the  length  of  the  Sacred  Cohit  of  the  Hebrews, — is,  if  not  as  good  a 
statement  aa  can  he  made.— at  least  a  great  deal  better  than  the  24'82 
Inches,  absolnte,  which  hsa  been  hitberlo  current  in  mosl  English  worka ;  and 
beyond  comparison  better  than  the  20-T  inches,  nearly,  of  the  ORDNANCE 
SURVEY  JTop  ofJtnualen. 

This  Ordnance  quantity  of  20-T  inches  is  evidently  not  the  laend  cnbit  at 
all,  bat  the  prtffane  cubit ;  and  in  the  explanations  of  the  scale  at  the  foot  of 
the  above  map,  the  revered  names  of  ■'  Sacred,"  and  "Cubit  of  the  Tabei- 
uacle,"  are  given  to  precisely  what  Hoses  was  so  anxious  to  keep  them  from 
being  oonfonnded  with — viz.,  t]je  cubits  of  idolatrous  Egypt  and  other  Gentile 
nations;  the  iuscriptiona  at  one  end  of  one  of  the  Ordnance-map  scale-lines 
being — "Egyptian,  Btbrea,  Babyloniaa,"  and  at  the  other  end  of  one  and  the 
aame  tine — "  Boyid  or  Saertd  Cubili,  also  named  Cu&iU  of  the  Tabernacle." 

If  this  map  is  one  of  those  prepareil,  as  believed  by  some,  at  the  expense  and 
to  the  orders  of  the  Fatheia  of  the  Palestine  Explnration  Association — such 
a  radical  error  with  regard  to  the  mcred  cubit  of  the  Hebnm  may  well  excite 
Bnrprise.  But  if,  on  the  contrary,  the  map  is  purely  the  work  of  the  several 
Ordnauce  ofBcers  whose  namM  are  conspicuously  engraved  upon  it — the 
nation  muBt  regret  that  they  shonld  have  so  entirely  ignored  the  researches 
of  Sir  Isaac  Newton,  the  greatest  philosopher  their  country  ever  prodneed,  and 
in  one  of  the  moat  important  of  all  questions  that  have  ever  been  brought 
forward  in  either  the  science  or  history  of  metrical  standards. 
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to  insult  religiona  feelings  and  scientific  ideas,  in  its  mode  of  refer- 
ence to  Sir  Isaac  Newton's  Sacred  Oubit  of  the  Hobrevre, — the  cubit 
according  to  nhoBe  standard  Sir  Isaac  believed  that  the  true  God 
was  once  pleased  to  define  to  men  the  size  of  the  Ark  of  the  Cove- 
naat,  the  Tabernacle,  and  the  Temple  of  Solomon,  in  the  several 
revelations  averred  in  the  Holy  Scriptures  to  have  been  made  for 
that  end  both  to  Moses  and  David.  As  insulting,  I  am  sorry  to 
say,  to  other  men's,  both  religions  and  scientific,  ideas  as  possible; 
for  what  is  it,  which  the  Proceedings'  anther  brings  np  as  being 
in  length  a  half,  or  as  good  as  a  half,  of  that  sacred  primeval 
measure  of  the  earth,— why  his  own  ill-defined  and  flexible  hat. 
And  at  the  time  of  delivering  the  discourse,  of  which  the  Pro- 
ceedingt'  paper  purports  to  be  only  a  part  representation  of  the 
substance,  its  author  even  went  through  the  hypocritical  form  of 
demurely  measuring  the  said  variable  and  inexact  hat  (placed, 
together  with  a  measuring  scale,  on  his  reading  desk  by  an 
assistant,  before  the  lecture  began),  and  then  finding,  with  smiles 
all  over  his  countenance,  before  the  members  assembled,  that 
the  larger  diameter  of  said  hat's  brim  was  just  half  of  the  "  Sacred 
Cubit  I" 

This  act, — much  to  be  regretted, — has  crowned  itself  with  con- 
fusion in  the  Proceedings'  paper,  and  at  the  performer's  own  hands, 
by  all  his  three  examples  failing  miserably. 

Thus  the  misguided,  though  in  other  things  learned  doctor,  says 
— that  his  hat's  brim  of  124  inches  in  length,  is  1-20 ,000 ,000th  of 
the  earth's  polar  axis,  that  being  taken  at  500,000,000  inches ;  but 
any  school-boy  may  see  that  it  is  rather  the  1-40, 322, 581st  part 
thereof;  a  result  where  there  are  few  O's,  and  a  very  large  differ- 
ence at  the  beginning. 

Next,  he  says  that  "  a  page  of  the  print  of  the  Society's  Traru- 
•'  actions  is  1-6 0,0 00,000th  of  the  same."  Here,  indeed,  he 
pmdently  avoids  giving  the  measure  of  the  said  page;  but  I, 
having  measured  it  on  the  same  principles  as  his  third  cose  indi- 
cates, find  the  limits  as  being  not  less  than  837,  nor  more  than 
8'43  inches,  on  complete  pages  of  a  recent  volume.  Wherefore 
taking  the  mean  »  84  inches, — that  will  be  found,  not  the 
1-G0,000,000th  even,  but  the  1-59,52 3, 8 10th  part  of  the  same 
axial  length. 
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And  finally  he  etatee  that  "  a  print  page  of  Professor  Smyth 'a 
"  book,  6-2  inches  in  length,  ia  1-80 ,000 ,000th  of  this  great 
"  ataRdard ;  &c.,&<i."  But  6'2  inchee  form,  evidently,  not  that 
even  fraction,  but  the  1-80,645,1  SUt  part  of  the  same  500,000,000. 
A  length,  however,  this  laat,  in  British  inches  (and  no  others  are 
there  alluded  to  by  the  British  Proceedingt'  author),  which  neither 
Professor  Smyth  stated,  nor  Captain  Clarke,  nor  any  other  known 
geodesist,  ever  found,  the  earth's  axis  to  measure.  Nor  is  the  length 
2482  inches,  ae  shown  in  the  previous  section,  the  length  which 
Professor  Smyth  has  deduced,  or  considers  to  he  deducible  from  all 
Sir  Isaac  Newton's  nunjbers,  taken  together  according  to  modem 
scientific  principles,  for  the  length  of  the  Sacred  Cubit. 

All  the  three  examples  thus  given  by  the  Proceedings'  author 
have  totally  failed  in  producing  his  promised  "  startling  strings  of 
"  O's : "  and  though  he  does  put  "  &o.,  &c."  after  his  last  Case, — yet 
if  these  symbols  refer  to  other  examples  of  the  same  order  as  bis 
previous  ones,  they  will  not  strengthen  his  case. 

With  a  very  little  cleverness  in  looking  out  through  the  world, 
□0  doubt  other  persons  might  find  some  trifle  coming  more  nearly 
to  an  even  fraction  of  the  earth's  polar  axis  than  any  of  the  Pro 
ceedinga'  author's  given  examples.  But  then  it  must  be  remem- 
bered, that  when  the  length  of  that  said  axis  has  already  been  as- 
certained by  national  efforts, — there  is  no  more  difficulty  in  finding 
a  practical  equivalent  to  a  small  fractional  part  thereof,  than  in 
performing  a  sum  in  simple  arithmetic  :  and  after  this  little  thing 
should  have  been  done,  it  would  really  possess  no  similarity  with  the 
alleged  case  of  standards  of  measure  in  the  Great  Pyramid, — de- 
posited or  built  in  there,  on  a  gigantic  scale,  3000  years  before  any 
accurate  determination  of  the  length  of  the  earth's  polar  axis  had 
been  made  by  men, — and  yet  found  now  to  be  an  apparently  exact 
and  even  decimal  and  quinary  fraction  thereof. 

This  really  astonishing  geodesical  character  of  the  Pyramid 
standards,  is  a  matter  to  be  disproved,  only  by  still  more  accurate 
measures  of  both  the  Great  Pyramid  and  the  earth  being  instituted; 
and  then,  perhaps,  found  not  to  be  commensurable  by  quantities 
larger  than  the  limits  of  error  of  the  measures.  At  present  there  is  a 
coincidence  within  the  limits  of  errors  of  the  best  modem  measure- 
ments of  both  -,  but  in  the  case  of  the  Great  Pyramid  these  are  not 
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by  any  means  so  refined  as  tfaey  might  be.  The  proper  coarse, 
therefore,  for  both  religious  minded,  and  scientifically  inclined, 
persons  is,  or  should  be,  not  to  take  to  "  scoffing  nnd  deriding," 
but  to  visit  the  Great  Pyramid  in  a  calm  and  working  philosophical 
spirit,  and  to  remeasure  more  exactly  all  those  still  existing  fiducial 
markings  which  bave  marvellously  descended  to  our  lattei  times 
from  primeval  ages,  closed  long  before  histury  began. 

With  regard,  next,  to  the  Proceedings'  author's  termination  of  his 
section ;  or,  that  many  arrangements  in  fives  are  to  be  seen  in  the 
rooms  of  the  Boyal  Society  of  Edinburgh, — i.e.  in  a  modem 
building  of*a  most  confused  mnltiplicity  of  parts,  and  made  up 
in  design  by  copyings  from  several  foreign,  and  some  ancient, 
architectures, — and  his  conclusion  that  the  arrangements  were  not 
carried  out  there  for  any  special  purpose  of  symbolizing  five ; 
and  "  that  there  is  not  the  slightest  ground  for  any  belief  that  the 
"apparentjfu«n«u  of  anything  in  the  Great  Pyramid  had  a  different 
"  origin ;  " — I  can  only  spare  time  to  remark  that  the  two  cases 
are  almost  awfully  difTerent;  for — 

1st.  The  Great  Pyramid  was  built  4000  years  ago,  in  the  sym- 
bolic ages  of  the  world,  according  to  many  indications  in  Biblical 
history,  and  we  have  no  other  guide  for  those  very  early  times. 

2d.  The  Great  Pyramid's  whole  mass  and  whole  surface, — and 
those  BO  huge  as  rightly  to  have  procured  it  the  title  from  all  the 
nations  of  the  world  of  "  the  Great  Pyramid," — are  arranged  so  as 
to  make  two  most  colossal  representations  of  fives ;  and  have  been 
beheld  by  nearly  all  peoples  from  the  beginning  of  history;  and 

Sd,  Compared  to  the  above,  either  in  size,  entirenees,  or  publicity 
— the  few  fives  here  and  there  inside  the  very  modem  Boyal  losti- 
tntion  building  of  Edinburgh,  and  in  one  part  merely  of  which  the 
Boyal  Society  of  Edinburgh  meets  and  the  fives  are  said  to  be 
chiefly  found, — are  only  like  the  fives  which  any  child  may  dis- 
cover in  a  modern  multiplication  table ;  i.e.,  they  are  small  both 
in  themselves  and  in  proportion  to  the  other  numbers  represented, 
and  not  dominant  over  the  whole  structure. 

Arithmetical  Meant, 

When  the  Proceedingt'  author  attacks  some  of  my  stated  results 

of  Pyramid  measures  for  the  reason  that  they  have  been  obtained 
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by  "the  equivocal  procees  of  meane"  (p.  259),  and  iDsinaates 
sgaiuBt  ODe  particular  final  qaantity — which  is  the  mean  of  the 
largely  varyiog  resnlts  of  four  different  obserrera, — that  it  is  "  an 
"  exact  measure  vhich  certainly  none  of  its  many  meaBureiB  ever 
"  yet  found  it  (the  thing  itself  measured)  to  be  "  (p.  256), — I  can 
only  hold  up  my  hands  in  astonishment. 

For  here  isaperson  criminating  utterly  the  simple  arithmetic  pro- 
cess of  taking  arithmetical  means  In  physical  science ;  and  bringing 
tip  the  special  accusation,  equally  applicable,  if  at  all,  in  pure,  as 
well  as  applied,  arithmetic, — that  the  mean  doea  not  come  out 
exactly  the  same  as  one  of  its  component  nnmbeis. 

This  is  surely  sometbing  worse  than  advocating  perpetual  motion, 
spirit-Tapping,  or  any  other  absurdity  which  would  not  be  pennit- 
ted  to  enter  the  books  of  the  Boyal  Society  of  London :  and  indi- 
cates that  the  Proeeedtngi  author  b  running  a-muk,  in  the  manner 
of  certain  of  the  Javanese,  against  the  metbod  of  averaging  em- 
ployed in  everyscientific,  commercial,  and  insurance  establishment 
in  every  country  throughont  the  civilized  world.  And  if  the  Boyal 
Society  of  Edinburgh  has  permitted  such  sentiments  to  be  uttered 
at  their  meeting  and  printed  in  their  Proceedings, — I  would  beg 
them  to  explain,  through  their  Council  or  otherwise, — if  they  be 
lieve  the  sentiments, — how  they  maintain  them ;  and  if  they  do  not 
believe  them,— why  they  give  them  honourable  publicity,  and 
i^ainst  the  Pyramid  subject  alone? 

(In  the  meanwhile*  that  there  may  be  no  doubt  of  the  fact  as 
held  by  the  Proceeding*'  author,  I  subjoin,  in  a  note,f  an  extract 
from  one  of  the  daily  papers  of  April  21, — expressing  tlie  gentle- 
man's sentiments  ae  delivered  to  the  Boyal  Society  of  Edinburgh, 
on  April  20,  more  fully ;  and  I  hope  completely  relieving  me  of 
any  necessity  for  answerfhg  him  on  the  point.) 

MINUTENESS  OF  MODERN  PRACTICAL  STANDARDS 

OR  GAUQES. 

Under  the  above  heading  the  Proceedingt'  author  has  tabled  some 

■  Tbis  par»graph  in  pareDtheeie,  was  added  aAer  the  Teadiog  of  the  paper. 

t  "  It  was  an  enoneous  method  of  procedure  to  take  the  mean  of  different 
"  mBaonrements.  Such  a  method  of  procedure  Sir  J.  Y.  Simpaon  alleged 
"  wai  childieh  :  it  was  a  apedea  of  mathematical  abemtioD,  and  it  ran 
"  throngh  the  whole  of  PiofeMor  Smylha  hook."— Seetimm  of  April  21. 
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objectioDB  to  results  deduced  from  the  Great  Pyramid, — but  the 
ebjections  are  fonoded  on  euch  erroneous  principlea  or  practical 
science,  that  I  notice  them  only  for  the  sake  of  the  Boy&l  Society 
of  Edinburgh,  in  whoso  publication  they  now  appear. 

The  first  objection  ia,  that  the  theoretical  and  actual  sizes  of 
the  supposed  standards  of  the  Pyramid  "  are  made  to  vary  in 
"  different  books,  which  it  i»  impoatible  for  an  acttiol  standard  to 
do."  (p.  265.) 

Tet  it  ia  a  notoriouB  fact  that  the  theoretical  and  recorded  sizes  of 
the  actual  national  standards  do  vary  in  different  books  and  evan 
sometimes  in  the  same  book ;  and  this,  whether  we  take  the  pages 
of  micrometric  measures  for  the  length  of  out  standard  yard  from 
tho  Philosophical  Transactions,  or  the  Memoirs  of  the  Boyal  Astro- 
uomical  Society,  and  compare  these  with  tbe  different  ideas  of  the 
lavants  of  various  countries,  at  different  times  within  the  last  100 
years,  as  to  the  true  lengtli  of  a  pendulum  vibrating  seconds  in  a 
particular  position  on  the  earth,  (the  British  yard's  theoretical 
reference) ;  or  whether  we  enter  into  the  conflicting  ideas  of  the 
French  nation,  at  successive  epochs,  as  to  the  real  length  of  a 
ten-millionth  of  tbe  earth's  meridian  quadrant,  and  its  proportion 
to  their  standard  metre,  at  different  temperatures. 

Thanks  to  the  exertions  of  the  many  great  men  who  have 
laboured  splendidly  in  the  cause  both  of  the  theory  and  practice  of 
euch  standards, — tbe  differences  of  the  modern  standards  alluded 
to,  are  now  reduced  within  very  narrow  limits.  But  differences 
to  some  extent  there  are  still,  and  will  be  for  ever,  according  to  the 
nature  of  things,  touching  all  practical  standards,  their  theoretical 
references,  and  every  subsequent,  additional  determination  of  tho 
numerical  value  of  tbe  same, — if  pushed  to  sufficient  refinement, 
and  whether  by  one  or  many  observations: 

The  more  man  strives  after  practical  perfection,  the  more  im- 
possible it  is  found  to  attain  to  it.  An  uneducated  countryman 
thinks  he  has  the  time  perfectly,  if  he  knows  it  to  the  nearest 
minute.  But  an  astronomer,  though  he  obtains  tbe  time  by  ob- 
servations to  a  fraction  of  a  second,  yet  always  finds  his  results 
attended  by  some  still  smaller  fractional  portion  of  error.  Again, 
a  carpeuter  compares  two  specimenB  of  three-foot  rules,  and  if  they 
agree  within  half  of  j^tb  of  an  Inch,  he  at  once  pronounces  them 
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perfect :  but  a  learned  man  vho  measares  their  respective  leDgtha  to 
nshrs  ^^  iV^^  '^^  '^  ''^'^''i  <=^"  seldom  or  oever  reach  perfect  decision 
in  his  last  place  of  figures;  and  finds  anomalies  of  expansion,  imper- 
fections of  the  eye,  or  the  touch,  plasticity  of  the  hardest  nietals, 
and  all  the  powers  of  nature  iutetferiug  between  him  and  bis  pro- 
posed goal  of  perfect  accuracy. 

Well  therefore  has  one  of  the  best  men  whom  Cambridge  has 
sent  forth  within  this  century,  summed  up  these  ruling  facts  of 
all  the  higher  natural  philosophy, — by  stating  "  that  no  human 
"  hand  or  machine  ever  yet  drew  a  straight  line,  or  erected  a  per- 
"  pendicular,  or  fixed  an  instrument  in  perfect  adjustment."  And 
in  truth  it  is  an  attribute  higher  than  man's,  to  peri'orm  any  prac- 
tical mechanical  operation  with  perfect  exactness. 

To  acknowledge  this  fact  and  work  within  it,— tends  to  lead  men 
onto  that  old  and  beautiful  confession  of  Sir  Isaac  Newton,  i.e.,  that 
all  that  even  he  had  been  able  to  do,  through  a  long  life  spent  in 
scientific  observation, — was,  to  pick  up  a  few  pebbles  on  the  shore 
of  the  boundless  ocean  of  knowledge.  It  tends,  in  fact  to  keep 
man  in  bis  proper  place,  in  humility  of  mind,  but  in  earnest  con- 
templation of  a  high  ideal,  and  in  efforts  always  to  rise  above  his 
last  endeavour, — assnred  that  there  is  hope  for  some  further  im- 
provement, when  the  distance  between  himself  and  ideal  perfection 
is  infinite. 

But  to  deny  the  fact  of  man's  incapacity  for  perfect  performance 
of  problems  in  practical  science,  and  to  refuse  its  evidences— is 
either  to  exhibit  an  uneducated  ignorance  of  what  accuracy  is, — 
or  to  endeavour  to  apply  to  the  creature  that  which  is  an  attribute 
of  the  Creator. 

Hence,  when  the  Proceedingt'  author  (at  p.  265)  lays  it  down,  that 

"  Measures,  to  be  true  counterparts,  must,  in  mathematics,  be 
"  not  simply  '  near  '  or  '  very  near,'  which  is  all  that  is  generally 
"  and  vaguely  claimed  for  the  supposed  pyramidal  proofs  i  hut 
"  they  must  be  entirely  and  exactly  alike,  which  the  pyramidal 
"  proofs  fail  altogether  in  being.  Mathematical  measurements  of 
"  lines,  sizes,  angles,  &c.,  imply  exactitude  and  not  mere  approxi- 
"  mation ;  and  without  that  exactitude  they  are  not  mathema- 

"  tical, " 

we  may  well  aak.  Is  the  gentleman  showing  simple  ignorance  of 
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the  diSerence  between  pure  mathematics  and  applied  1  or,  Ib  he 
uDJuatly  and  kDOwiugly  stating  agaiast  the  Pyramid's  deduced 
standarde,  as  an  aclcuowledged  metrological  fact,  that  of  which  he 
knows  the  very  contrary  has  been  found  to  prevail  by  all  those 
men  who  have  devoted  themselves  specially  to  the  moet  accurate 
possible  men  Hiirat ions. 

Into  this  nice  question  I  shall  not  attempt  to  penetrate, — but  will 
paES  on  to  a  statement  at  the  foot  of  the  same  Proceedings'  page, 
aBserting  that  "  our  real  praiUical  standard  measurea  are  infinitely 
"  more  refined  and  many  thousaod-fold  more  delicate  than  any  in- 
"  definite  and  equivocal  measures  alleged  to  be  found  in  the  Py- 
"  ramid  by  even  those  who  are  most  enthusiastic  in  the  pyramidal 
''  metrological  theory." 

This  is  clearly  stated  there,  and  then  its  writer  brings  forward 
as  proofs  of  that  infinittly  superior  accuracy,  refinement,  and 
delicacy,  the  thickness-ganges  of  Mr  Wbitworth. 

Now  these  gauges  are  no  doubt  very  admirable  things  in  their 
way  and  in  their  own  place;  and  as  they  range  generally  from  0'2  to 
6'0  incbss  in  diameter,  they  are  exceedingly  useful  for  testing  the 
thickness  of  iron  rods  and  plates  in  engineers'  workabops.  But 
they  are  not  yet  employed  by  the  Government  as  the  standard 
length  of  the  country ;  they  would  form  also  a  most  awkward  shape 
for  a  standard  to  refer  to,  in  measuring  any  long  length  on  the 
surface  of  the  earth ;  and  from  their  shortness,  would  require 
to  be  multiplied  so  often  as  to  lead  to  eerions  chances  of  error ; 
while  finally  comes  the  question,  are  they  adapted  to  last? 

A  national  or  scientific  standard  ought  to  hand  down  the  national 
measure  unchanged  for  thousands  of  years.  But  will  so  osidizable  a 
substance  as  iron,  and  this  is  what  Mr  Wbitworth  employs,  he  safe 
through  such  long  ages  ?  When  so  little  of  the  iron  of  the  Greeks 
and  Bomans,  and  lees  of  the  Egyptians,  has  come  down  to  our 
time — grave  fears  may  be  entertained  for  the  Manchester  iron 
plugs  and  sockets. 

Now  the  standard  of  the  Great  Pyramid,  on  the  contrary,  comes 
before  us  with  the  proof  on  its  brow  of  having  stood  that  test, 
which  Mr  Wbitworth's  thickness  gauges  have  not  yet  gone  through ; 
— viz.,  of  having  lasted  before  the  world,  and  in  spite  of  conqaei- 
ing  and  insulting  nations,  for  4000  yean.  In  spite  too  of  conqoerors 
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who  did  everything  they  could  to  annoy  and  crush  the  patriotic 
spirit  of  the  Egyptians,  by  lansacking  theii  tombs,  polluting  their 
temples,  overturDing  their  statues.  And  ceTtainly,  if  by  leaving  out 
to  rust  in  the  dewy  night-ur  a  few  iron  gauges,  the  Fersion  Cam- 
byses  could  have  spoiled,  nay  destroyed,  the  Egyptian  national 
measure  of  length, — would  he  not  most  assuredly  have  done  so  7 

This  firU  point  of  comparison  then,  is  no  problematical,  hut  a 
certain  and  proved,  gnperiority  of  the  Great  Pyramid  over  any  little 
iron  gauges  for  national  standards.  And  a  second  similar  point  is, 
that  taking  account  of  all  the  variouB  lengths  which  man  has  to 
measure,  and  the  importance  for  accuracy  of  having  to  multiply  the 
standard  as  little  as  possihle,—  a  length  like  a  side  of  the  Great 
Pyramid  base,  of  more  than  9000  inches,  and  that  in  a  material  pre- 
served by  nature  at  a  practically  equal  temperature  and  constant 
length, — must  be  pieferable  to  something  that  a  man  might  put  into 
bis  waistcoat  pocket;  but  have  proportionally  large  temperature 
and  other  conections  to  apply  to  it. 

In  the  ikird  place,  it  is  not  right  to  say  that  our  modem  practical 
standards  are  many  thousandfold  more  delicate,  and  t'n^ntfely  more 
refined,  than  those  of  the  Great  Pyramid,  For  while  some  of  the 
modem  standards,  when  they  have  passed  out  of  the  hands  of  their 
makers,  have  been  found  on  testing  after  a  few  years  to  be  from 
ttJitt'''^  to  jtSiii i^^  wrong,  and  while  the  ordinary  divided  scales 
in  opticians'  shops  may  be  found  from  ^^  to  nVith  wrong,— the 
base-side  of  the  Great  Pyramid,  according  to  the  description  of  its 
masonry  by  Colonel  Howard  Tyse  (see  note  p.  325),  must  have 
admitted  of  measure  to  less  than  001  of  an  inch  at  either  end,  or 
equivalent  to  TTnftfgt^^  ^^  ^^  whole ;  i.e.  if,  in  all  justice,  the 
same  refined  means  of  now  making  the  measurements  were  to  be 
employed  there,  as  are  so  freely  spent  ou  our  ordinary  modem 
standards  at  home. 

Evidently,  in  faimess,  either  the  Great  Pyramid's  base-side 
should  be  as  carefully  measured,  and  with  reference  to  the  state  in 
which  its  builders  left  it, — as  are  our  modem  standards  with  regard 
to  their  makers ;  or  the  modem  standards  should  be  treated  as  the 
Pyramid's  base-side  has  been  hitherto,  and  have  a  few  thousand 
tons  of  rubbish  accumulated  over  them ;  in  which  case  who  could 
even  guess  what  size  they  might  or  might  not  be.    In  either  case 
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the  powers  of  the  Great  Pyramid's  bage-aide,  for  accuracy  and  last- 
ing  quality  combined,  would  probably  be  found  vastly  above  those 
of  any  standard  of  measure  at  present  known  to  be  possessed  by 
any  nation  in  Christendom. 

PYRAMID  ALLEGED  TO  BE  A  SUPERHUMAK,  AND  MORE 
OR  LESS  AN  INSPIRED,  METROLOGICAL  ERECTION. 

To  the  above  very  serious  title  the  Proeeedings'  author  arrives  in 
the  last  section  of  hie  paper  (p.  268);  and  eeeme  Lo  decide  that 
Khaliph  Al  Mamoon  by  breaking  in,  "upset  tbe  supposititious 
"  miracle,"  (of  the  Great  Pyramid,  as  begun  to  be  interpreted  by 
the  late  John  Taylor),  "  a  thousaud  years  ago ;"  also,  that  some- 
thiog  else  was  recently  discovered  in  the  building,  "some  thon- 
"  sand  years  too  late  for  the  evolution  of  the  alleged  miraculous 
"  arrangement ;"  and  finally,  that  Professor  Smyth  has  been 
"  wrongously  and  disparagingly  attributing  to  Divine  Inspiration 
"  and  aid,  things  that  are  imperfect  and  human. " 

When  from  nearly  first  to  last,  in  that  over  remarkable  paper 
in  the  Proceedings  (tbe  second  of  the  two  papers  on  which  I 
have  been  discoursing  this  evening,*  there  has  now  been  shown 
proof  that  it  is  characterised  by  crroneonB  statements,  perverted 
meanings,  unworthy  insinuations,  and  denials  of  some  of  the  most 
commonly  known  principles  of  arithmetic,  and  moat  widely  followed 
methods  of  physical  science, — the  members  of  the  Royal  Society 
may  see,  that  there  is  no  possibility  of  my  discussing  tbe  Pyramid 
question  generally  with  that  gentleman  on  teierUifie  grounds. 

As  little  can  I  attempt  to  do  so  on  a  religxom  foundation.  Allu- 
sion indeed  to  all  religious  argument  the  Society  ordinarily  eschews, 
though  the  Proceedings'  author  was  allowed  to  introduce  it  into  bis 
pages  267  and  268,  besides  inserting  several  rather  scoffing  and 
derisive  passages  at  pp.  254,  256,  260,  and  261.  Sut  even  though 
the  Society  should  give  me  equal  liberty  to  answer, — no  discussion 
of  a  peaceful,  improving  kind  can  be  inatituled  without  some  first 

*  The  pTeaentcaaa;,  especialljin  ita  latter  hair,  waa  much  tborteiiedoDthe 
occasion  of  reading  before  the  Society  on  April  20,  in  order  to  briog  it  withiu 
the  limits  of  time  allowed.  A]l  tbe  leading  remuka  of  il  were,  however, 
noted,  and  are  now  again  broDgbt  forth  with  fuller  materials  for  proof  or 
disproof. 
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principles  being  agreed  on.  And  as  the  retioDaliatic  doctriDee,  and 
a  prim  theories  laid  down  by  the  Frvceedingi'  antbor,  are  totally 
opposed  to  my  iodnctive  gatherings  of  what  are  the  characteristicB 
of  the  only  generally  admitted  example  of  Divine  Inspiration,  viz., 
the  Sacred  Scriptures, — I  decline  to  argne  that  part  of  the  question 
with  that  gentleman  at  all. 

To  the  Society,  therefore,  only  would  I  appeal,— after  what  they 
have  already  printed  and  published,— earnestly  inquiring  of  them 
why  they  patronize  arguments  which,  if  of  force  against  the  sup- 
poBed  primeval,  and  pre-Biblical,  Inspiration  of  the  design  of  the 
Great  Pyramid,  are  of  equal  force  against  the  Bible  itself? 

How,  for  instance,  can  it  be  justly  maintained  by  those  who  hold 
to  the  Bible,  that  Al  Mamoon's  breaking  into  the  Great  Pyramid, 
and  exercising  a  power  over  it,  to  injure  it, — proves  the  structure 
not  to  have  been  built  originally  by  Divine  Inspiration, — when  the 
Bible  relates  that  the  Temple  of  Solomon,  though  actually  ao  built, 
or  according  to  plans  furnished  in  number  and  measure  by  Divine 
Inspiration,  was  nevertheless  destroyed  by  the  Babylonians,  and  its 
sacred  vessels  carried  away,  to  he  used  in  the  service  of  idols;  and 
now,  together  with  the  Aik  of  the  Covenaut,  they  have  vanished 
from  the  surface  of  the  earth  ? 

Does  any  one  venture  to  assert  that  Al  Sfamooa  "  upset  tba 
"  miracle  of  the  Great  Pyramid  by,  oa  acme  say,  unveiling,  a  thou- 
"  sand  years  before  the  appointed  time,  the  contents  of  the  King's 
"  Chamber?"  Let  such  persona  first  prove  that  Al  Uamoon  did 
unveil,  or  even  see,  any  of  tltoK  contents  which  are  supposed  to 
have  been  above  the  powers  of  unassisted  men  to  have  constructed 
intentionally  at  the  date  of  the  Pyramid's  foundation, — viz.,  the 
earth  and  heaven  commensurabilities  of  the  Pyramid's  several  parts. 
These  proportions  have  only  begun  to  be  thua  recognized,  ao  far  as 
I  know,  within  the  last  10  yeara ;  and  Al  Mamoon  no  more  saw 
them  or  published  them  to  the  world,  when  he  broke  into  the 
Pyramid  by  brute  violence  in  830  a.d., — than  did  Pompey,  when 
be  burst  into  the  Holy  of  Holies  in  Jerusalem,  see  that  presence 
into  which  he  would  have  forced  bimaelf  impiously. 

Does  the  critic  abject, — that  modem  men  find  such  exceeding 
difBculty  in  trying  to  ascertain  the  exact  lengths  and  breadths  of 
the  various  symbolical  parts  of  the  Pyramid,— that  the;  settle,  and 
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coDsider  tbemselves  entitled  to  settle  thereby,  that  the  stractare 
could  not  have  had  an  all-wise  prompter,  planner,  or  designer ; — let 
the  critic  confess  whether  there  aie  not  many  words  and  passages 
both  in  the  Hebrew  and  Greek  Scriptures,  on  which  neither  divines 
nor  scholars  have  yet  been  able  to  come  to  a  full  underBtanding, 
and  where  they  ate  still  bringing  forth  their  Tarious  readings  t 

Or,  because  the  Great  Pyramid  has  not  been  Bnccessfully  inter- 
preted by  mankind  during  so  long  a  period  as  4000  years;  or  because, 
during  all  that  space  of  time  its  presumed  mission  has  not  been 
accomplished  in  the  world,  and  so  many  centuries  have  passed 
away  fruitlessly  since  the  seed  was  sown,  in  an  age  before  any 
human  intellectual  history  began, — shdl  that  be  considered  a  good 
Biblical  reason  against  there  having  been  Inspiration  at  the  begin- 
ning, and  against  a  Divinely  intended  result  still  to  appear, — seeing 
that  the  Bible  has  announced  many  prophecies,  wbicb  are  not  yet 
fulfilled;  and  tells  us  repeatedly  of  mysteries  wbioh  were  prepared 
for,  from  the  very  beginning  of  the  world,  and  yet  only  made 
manifest  in  latter  times? 

Bnt  I  will  not  attempt  to  follow  any  further,  or  to  set  in  order, 
the  arguments  of  which  there  are  so  many,  connected  with  Bevealed 
reli^'on ; — for  I  am  too  much  grieved  and  humbled  to  find,  that  the 
most  conscientious  labours  and  the  justest  deductions  that  I  have 
been  working  at  for  years  past,  and  whereby  I  had  hoped  to  be  instru- 
mental in  affording  to  some  other  earnest  thinkers  a  ray  of  light 
on  a  sacred,  as  well  as  a  scientific,  topic, — have  issued  before  the 
Society  merely  in  this,  that  my  labours,  their  subject,  and  my  friend's 
religious  convictions  have  all  been  dragged  contemptuously  in  the 
dirt,  and  made  a  mockery  of,  in  the  fearful  manner  accomplished 
by  the  Proceedings^  author. 

Of  Revealed  Beligion  therefore  I  will  not  presume  to  say  more  in 
this  a&sembly :  and  I  hope  pardon  may  be  extended  to  me  for 
what  I  have  said,  if  imperfectly,  or  mistakenly,  yet  with  the  beet 
intentions. 

But  I  would  beg,  before  concluding,  to  remind  the  memben,  one 
and  all,  of  a  remark  by  the  notable  Eepler,  bearing  on  Naiural 
Theology.  The  existing  state  of  our  Great  Pyramid  knowledge  is 
very  similar  to  what  prevailed  with  regard  to  astronomy  in  the  time 
of  that  aoatest  genius  of  medieeval  Germany ;  for,  observations  were 
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then  rough,  and  rode  bypotfaeaeH  sncceeded  each  other  as  found 
from  time  to  time  heet  adapted  to  explain  all  the  knovn  facta,  and 
were  not  yet  worked  up  into  a  complete  theory. 

So  many  failures  had  at  that  time  already  taken  place,  that  when 
succeea  did  come  at  last,  hardly  any  one  would  believe  Kepler's 
brilliaDt  discovery  of  the  elliptical  motion  of  the  planete.  His 
friends  would  hardly  allow  that  he  was  sound  in  his  mind  j  and  yet 
his  discovery  proved  the  morning  star  of  the  epoch  of  the  Law  of 
Gravitation.  They  ridiculed  and  despised  :  but  thus  be  comroited 
himself  in  a  knowledge  of  the  reality,  and  a  presentiment  of  the 
importance,  of  what  he  had  learned;  and  with  an  intellectual 
enthusiasm,  not  often  seen  to  an  equal  degree  in  the  present  day 
of  a  more  delicate  education,  he  thus  breathes  forth  hie  noble 
spirit : — 

"  Nothing  holds  me.  I  will  indulge  my  sacred  fury  I  If  you 
"  forgive  me,  I  rejoice  ;  if  yon  are  angry,  I  can  bear  it.  The  die  is 
"  cast.  The  book  is  written,  to  be  read  either  now,  or  by  posterity. 
"  I  care  not  which.  It  may  well  wait  a  century  fora  reader,  eince 
"  God  has  waited  6000  years  for  an  observer  I" 

Not  more  than  4000  years  has  the  solution  of  the  mystery  of  the 
Great  Pyramid  waited ;  but  yet  what  an  interval  is  that,  as  mea- 
sured by  nations  and  peoples,  and  languages  and  tongues.  Throngb 
all  that  mighty  period,  what  other  building  than  the  Great  Pyra- 
mid has  brought  down  to  us  in  the  present  day  a  symbolical  lan- 
guage of  forms,  and  accnrate  details  capable  of  still  giving  forth 
exact,  contemporary,  and  high  scientific  information  of  that  early 
time? 

Sorely  the  Great  Pyramid  building  is  unique  In  its  majesty. 
Take  it  all  in  all,  it  is  solemnly  alone  I 

The  second  author  in  the  Society's  Proceedings  referred  to  does, 
indeed,  indicate  in  his  very  last  sentence,  p.  268,  that  he  knows 
of  just  as  good  traces  of  equally  advanoed  "  architecture  and  aatro- 
"  Domy "  belonging  to  the  same  ago,  "  m  variout  parU  of  the 
"  Eatt."  I  can  only  hope  that  the  Council  will  examine  him  on 
that  point ;— for,  according  to  the  beet  of  my  researches  among 
the  writings  of  those  who  have  explored  the  Eastern  lands — no  such 
examples  have  there  been  found. 
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Bulletins  de  I'Aoademie  Bojale  des  Sciences.   Tome  XXIV. 

8vo — .From  the  Academy. 
Mgmoiree  couronnSe  et  anties  Memoires.     Tome  XIX'.  XX. 

8vo. — From  the  Soyal  Academy. 
MSmoires  couronnSa  et   MSmoires  dee  Savants   etrangers 
publiSes    par   1 'Academic    Roy  ale    Bel  gi  que.        Tome 
XXXIII.     ito. — From  the  Academy. 
AnnaleederObeervatoire  Royale.    Tome   XVIII.    4to. — 
from  the  Observatory. 
TOL.  VI,  3  » 
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Bn*M«i».— Annuairede  rObaervatoireEoyale.   1868.  12mo. — From 

the  Oitervaiory. 
Calcutta. — Journal  of  the  Asiatic  Society  of  Bengal.   Part  I.  No.  2. 

1867.     8yo.—Frvm  the  Society. 
Proceedings  of  the  Aeiatic  Society  of  BeDgal.     Noa.  8-11. 

1867.     8vo.— iVom  the  Society. 
Cambridge. — TraDsactioDB  of  the  PhiloBopliical  Society.     Vol.  X. 

Part  1 ;  Vol.  X.  Part  2.     iUt.—From  the  Society. 
Catania.— Atti  dell'Accademia  Gioeoia  di  Scienze  Naturali.    Tomo 

I.     1867.     ito.— From  the  Academy. 
Chriitiania. — IkleteoFologieke  lagttagelger  paa  fern  Telegrafstationer 

Ted  Norgea  Kyst.     1866.     ito.—From  (Ae^oyol  06ier- 

vatory  of  Chriitiania. 
Meteorologisko  IngttagelBer  paa  ChristiaDia  Obaervaloriam. 

1865-66.    ito.— From  the  Oburvatory. 
MeteoTologiske  lagttageleer  det  Sydlige  Norge.     186S-6G. 

4to. — From  tite  University  of  Chriatiania. 
Meteorologiecbe  BeobachtuDgen  an  der  Koniglichen  Cniver- 

Bitats-Stemwarte  zu  Chriatiania,    1837-63.    4to. — From 

the  University. 
Noreke  UnverBitets-og  Skole-Annaler  udgivoe  af  Univerei- 

t«te8  Secretair.   Jau.,  Aug.,  Oct.  1866,  and  Hucb  1867. 

8vo.  —From  the  University . 
Det  Eongelige  Norste  Fredeitks  UniTersitets  Aareberetning, 

for  1864-65.     8vo.— IVom  the  Univertity. 
Nyt  Magazin  fur  Naturvidenekabeme.    Bind  XIV.  Befte 

2-4  ;  Bind  XV.  Heft  1,  2.     8vo.~From  the  Boyal   Uni- 
versity of  Normay. 
Forbandlinger  i  VidenskabB-SelBkabet  i  Chrietiania,  Aar 

1864,  1865,  1866.     &^o.—From  the  Society. 
Forelag  til  en  Forandret  Ordning  af  det  Hoiere  Sk<>le?nseD. 

Deel  I.  II,     8vo. — From  the  Boyal  Commission. 
Copenhagen. — Det    Eongelige    daueke    Videnekabemee    Selskabe 

Skrifler  femte  rskke.     Natnrvidenekabeilg  og  Mathe- 

matiske  Afdeling.     Bind  VII.     4to. — From  the  Boyal 

Acad^ny  of  Sciences. 
OveTBigt  over  det  Eongelige  danske  Videoakabemes  Sel- 

akabe,   forhandliDger   og   dete    Medlemmera    Arbeider. 

Aaret,  1865-67.     8vo.— from  the  Society. 
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Dreiden. — Nora  Acta  Academite  Ciesarefe  Leopoldino.    Oarolinse 

Germanic89  Natnne  CnrioBomai.    Band  XXXII.    4to. — 

From  the  Academy. 
Edinburgh. — Transactions  of  the  Botanical  Society,  Edinburgh. 

Vol.  IX.  Part  1.     Svo.—From  (he  Soday. 
Transactions  of  the  Highland  and  Agricaltnrol  Society  of 

Scotland.    Vol.  II.  Part  1  (Fonrlh  Beriea).     8to.— fWm 

the  Sodely. 
Proceedings  of  the   Royal  Physical  Society  for  Sessions 

1862-63, 1863-64, 1864-65.     8vo.— /Vom  the  Society. 
Transactions  of  the  Boyal  Scottish  Society  of  Arts.    Vol. 
.  VII.  Part  3.     8to. — From  the  Society. 
Journal  of  the  Scottish  Meteorological  Society.     Nos.  16, 

17.    Svo.—From  Ae  Society. 
/"rant/brt.— Abhandlungen   heiausgegeben  von  der  Senckenber- 

gischen  Naturforecheiiden  Oesellschaft.    Band  VI,  Heft 

3,  4.     Bm.'—From  the  Society. 
Frank/ort-on-Maine. — Tageblatt  der  41   Versammlung  Deutscher 

Natnrforscher  nnd  Aerzte.    1867.    4to. 
Cla^tc.— Proceedings  of  the  Philosophical  Society.     Vol.  III. 

Nos.  5  and  6 ;  Vol.  IV,,  Vol.  V.,  and  Vol.  VI.,  Nos. 

1-3.     8to. — From  the  Society. 
Transactions  of  the  Geological  Society.     Vol.  II.  Part  3. 

8yo.—From  the  Society. 
OiSllingen. — Abbandlnngen  der  Eoniglichen  Geeellschaft  der  Wis* 

Benechaften.     Band  XIII.     4tc. — From  the  Society. 
Nachricfaten  von  der  K.  Gesellschaft  der  Wissenschaften 

nnd  der  Georg-Augnst  Universitat  aus  dem  Jahre  1867. 

12nio. — From  the  Univertity. 
Oreenwieh. — Astronomical    and    Hagnetical    and    Meteorological 

ObservationB  made   at   the  Boyal  Observatory  in   the 

year    1865,      London,   1867.      4to.— /Vom    the  Obter- 

vatory. 
Halifax,  Nova  Scotia. — Proceedings  and  Transactions  of  the  Nova 

Scotian  Institnte  of  Natural  Science.     Vol.  II.  Part  1. 

8vo. — Fromjhe  Society. 
La  Haye. — Archives  NSerlandaises  dee  Sciences  Ezactes  et  Na- 

turelles.     Tome  II.  Liv.  3-5.     8vo. — From  the  Society. 
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Ijtedi. — Report  of  the  Proceedings  of  the  Geological  and  Poly- 
technic Society  of  the  West  Riding  of  Yorkshire  for 
1867.     Svo.—Prom  the  Socidy. 

LetjWMf.— Abhandlangen  der  PhiloIogiBch-hi8torincheii  chasBe  der 
Eonigl.  SacbsiBchen  Gesellechaft  der  WisBeDBchafteD. 
Band  V.  No.  8.  Svo.—J'rom  the  Society. 
Berichte  iiber  die  Verhandlungen  dei  Eonigtich  ^haischen 
GeBellBchaft  der  WisBenschaften,  Math.  Phya.  ClasBe. 
Nos.  1,  2,  4,  5.  8vo.—From  the  SoctXy. 
Berichte  Uber  die  Verhandlungen  der  Koniglich  SacheiBchen 
GeBellschaft  der  WiBsenechaften  zn  Leipzig,  Phil.  Hist. 
Classe.     1866,  No.    4;    1867,  No.  1.      8»o.— JVwn  ihe 

Tafein  der  Egeria  mit  Zugnindelegnng  der  in  den  Abh&nd- 

lungen  der  Eonigl.  Sachs.  Gesellschaft  der  WisBenBchaften 

in  Leipzig  TeroETentlichten   Storungen   dieses  Planeten 

berechnet  und  mit  einleitenden  Aufe&tzen  Tersehen,  von  P. 

A.  Hansen.     8vo.~From  the  Soyal  Saxon  Academy, 
Von  der  Methode  der  Eleinsten  Quadrate  im  Allgemeinen 

nnd  in  ihrer  Anwendung  auf  die  Geod&sie,  von.  P.  A. 

Hansen.     8vo. — From  the  Boyal  Saxon  Acadetny. 
Pnblications  of  the  ABtronomical  Society.     Nob.  1  to  8,    4to. 

— From  (As  Society. 
Vierteljafarsachrift  der  AstroDomiechen  Gesellechaft.    Jahr- 

gang  I.  II.     8to. — From  the  Society. 
London. — Journal  of  the  Society  of  Arts  for  1867-68.    8vo. — From 

the  Society. 
Uemoire  of  the  ABtronomical   Society,      Vols.  XXXV., 

XXXVL— JVom  the  Society. 
Uontbly  Notices  of  the  Royal  Astronomical  Society  for 

1867-68.     8vo.— JVom  the  Society. 
Journal  of  the  Chemical  Society.    December  1867,  Janu- 

aiy,  February,  Karch,  April,  and  May  1868.    8to. — From 

the  Society. 
Proceedings  of  the  Royal  Society.     Vol.  XVI.  Nos.  96-101. 

8vo, — From  (Ae  Society. 
Transactions  of  the  Royal  Society  of  Literature.     Vol.  IX. 

Part  1.     8vo.— From  the  Society. 
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London — Royal  Society  Catalogue  of  Scientific  Papers.  Vol.1.  4to. 
—From  the  Society. 
Proceedings   of  the  Royal   Geographical    Society.      Vol. 

XI.  No.  6.     8vo.— From  the  Society. 
ADDual  Report  of  the  GeologistB*  Aesociation,  with  List  of 

Members  for  1867-68.     8vo.— /Vom  the  Aaociation. 
Annual  Beport  aud  List  of  Members  for  1868  of  the  Qeolo- 

giste'  Association.     8vo. — From  the  Aisocialion, 
Quarterly  JonrDal  of  the  Geological  Society.    Nos.  92-04. 

Supplemeot.     8vo. — From  the  Society. 
Jourcal  of    the  Royal  Horticultural    Society.     Vol.  II. 

Part  5.     8vo. — From  the  Society. 
Proceedings  of  the  Royal  Horticultural  Society.    Vol.  I. 

Nos.  9, 10.    8vo.— /"rom  the  Society. 
Journal  of  tho  Linnean  Society.    Vol.  IX.  (Zoology)  Noa. 
38-40 ;  Vol.  X.  (Botany)  Noa.  41-i4.     8yo.— JVom  the 
Society. 
Proceedings  of  the  Mathematical  Society.    1867.     No.  11. 

8vo. — From  the  Society. 
Transactions  of  the  Royal  Medical  and  Chirurgical  Society. 

Vol.  L.     8vo.— From  the  Society. 
Proceedings  of  the  Medical  and  Chirurgical  Society.     Vol. 

VI.  No.  I.     evo.—From  the  Society. 
Proceedings  of  the  Meteorological  Society.    -  Nos.  31-36. 

8to, — From  the  Society. 
Transactions  (Philosophical)  of  the  Royal  Society.     Vol. 

CLVII.  Part  2.     ito.— From  the  Society. 
Journal  of  the  Statistical  Society.     Vol.  XXX.  Part  4 ; 

Vol.  XXXI.  Part  1.     8vo.~From  the  Society. 
Proceedings  of  the  Zoological  Society.    1867.    Parts  1,  2. 

8vo.— From  the  Society. 
Transactions  of  the  Zoological  Society  of  London.    Vol. 

VI.  Part  4.    4to.— JVom  tite  Society. 
Calendar  of  the  UDiversity  of  London  for  1868.     8vo. — 
From  the  University. 
Melbourne. — Transactions  and  Proceedings  of  tbe  Royal  Society 
of    Victoria.       Vol.    VIII.    Part  2.       8vo.—From   l)u 
Society. 
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MHano. — Anauario  del    Beale    Istitnto   Lombardo  di   Scieoze  e 

Lettere.     1664.     12mo.—From  the  InilituU. 
Bendiconti  Beale  latituto  Lombaido,  Claaee  di  Letteie  e 

Scienze  Uorali  e  Politiche.    Vol.  i.  Faec.  3-6.     Glasse  di 

Scieoze  Katetnatiche  e  Naturali.    Vol.  I.  Fasc.  i-6. 

8to. — Frofa  the  InaHtule. 
MottMw. — Bnlletin  de  la  Soci^t^  Imp^ale  dea  Naturalistea.    No.  2. 

1867.     8vo.— from  (Ae  Society. 
Munich. — Annalen  der  Eoniglichen  SterDwarte.     Band  XV.,  XVI. 

8vo. — From  the  Rot/al  Ohtervatory, 
Sitzuugsberichte  der  EoDigl.  bayer.  Akademie  det  Wissen- 

BchafteD.    Band  II.  Heft  2,  3.    8vo.— From  the  Academy. 
Naplet. — Atti  della  Beale  Accademia  delle  Scienze  e  Belle-Lettere 

di  Napoli  delta  FoudazioDe  bido  aH'anno  1787.    4to. — 

From  the  Academy. 
Atti  dell 'Accademia  delle  Scienze  Fieiche  e  Hatematiche. 

Vol.  II.     4to. — from  the  Academy. 
Rendiconto  delV  Accademia  delle  Scienze  Fisicbe  e  Mate- 

raatiche.    Anno  III.  Faa.  7-12;  Anno  IV,  Faa.  1-12; 

Anno  V.  Fas.  1-12;  Anno  VI.  Faa.  1-5.    4to.— froro 

the  Academy. 
Bendiconto  delle  Tomate  e  del  Savori  dell'  Accademia  di 

Scienze  Uorali  e  Politiche.    Jan.  I86S.    8to. — From  the 

Academy, 
ffeuchatet. — Actee  de  la  Soci4t4  H4Wetiqae  dee  Sciencee  Natnrelles. 

Compte-Rendn,  1866.    Svo.—From  the  Society. 
Bulletin  de  la  Soci^t^  des  Sciences  Naturelles  de  Nencbatel. 

Tome  VII.     8yo.—From  the  Society. 
Pari*. — Annales  des  Mines.    Tome  XI,  Liv.  2*,  3».    Tome  XII. 

Liv.  4' ,  5* .     8to. — From  the  EcdU  de  Mine*. 
PablicatioDS  of  tlie  D^pot  de  la  Marine.    Noe.  408  to  439. 

With  Charts.    8to.— From  the  DSpot. 
Bulletin  de  la  Societe  de  G^ographie.     Not.  Dec.  1867, 

Januai;  1868.     8vo, — From  the  SodOy. 
Bulletin  de  la  Soci4t6  de  G&igraphie.     F^mer,  Mars,  1868. 

8vo. — From  the  Society. 
Comptes  BenduB  Hebdomadairea  dea  Stances  de  I'Acadgmie 

des  Sciencee.    1867-68.    4to.— from  the  Aoademt/. 
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RoUtrdam. — Nieueve  VerhandeliDgen  vau  het  Bataafscli  Genoot- 

achap  der  Proefondervindelijke  Wijabegeerte.     Deel  I. 

Stuk  1-3.     4to.— Jjwn  the  Society. 
Torino.— hXti  della  Keale  Accademis  delle  Scieoze.  Vol.  II.  DJsp. 

4-7.     8vo. — From  tht  Academy. 
Bullettino  Meteorologico  ed  Astronomico  del  Begio  Ouser- 

vatorio  dell'  UniversitJ  di  Torino.     18S7.     4to. — From 

the  University, 
Memorie  della  Beale    Accademia   delle   Scienze.     Serie 

Seconds,  Tomo  XXIII.     4to. — From  the  Academy. 
Truro. — Journal  of  the  Boyal  Institution  of  CorDwall,  with  the 

49th  Annual  Report.     No.  VII.     Bvo.—From  the  Inali- 

Utrecht. — NedeilandscU  Keteorologiech  Joarboek  voor  1866-67. 

4to.— fWm  the  Meteorological  Institute. 
Aanteekeningen  van   bet  veihaudelde  in  de  Sectie-verga- 

deringen,  Tan  het  provinciaal  Utiechtsch  Genootachap 

van  Kunsten  en  Wetenschappen.     1867.    8vo. — From 

the  Society. 
Natuurkundige  Verhandelingen  nitgegeven  door  het  Pro- 

vinciaal  Utrechtsch  Genootsohap  van  Koneten  en  Weten- 

Bcbappen.     Deel  I.  Stuk  1.     4to. — From  the  Society. 
Verslag  van  het  Verhandelde  in  de  Algemeene  vergadering 

van  het  provinciaal  TJlrechtEch  Genootschap  van  Eun- 

sten  en  Wetenachappen.     1867.     Svo. — From  the  Society. 
VeMtia. — Atti  del  Beale  latituto  Veneto  di  Scienze,  Lettere  ed 

Arti.      Tomo   XII.    Siepenaa  4^9.     Svo.  —  JVimi   the 

Inttitvie. 
Vienna. — Almanach  der  Xaiserltchen  Akademie  der  WisBenecbaf- 

ten.     1867.     Svo. — From  the  Academy. 
Uenkschriften  der  Eaiserlichen  Akademie  der  Wissenschaf- 

ten.   Mathematiaoh  Nat.  Claase,  Band  XXVI. ;  Philo- 

sopbiscb.    Hist.    Claaae,     Band    XV.       4to.— JVom  the 

Academy. 
Sitznogsberichte  der  Eaiaerlichen  Akademie  der  Wiesen- 

aobaften.     Phil.  Hist.  ClaBse,  Band    HV.    LV.    LVI. 

Heft  1,  2 ;  Mat.  Nat.  Olasse,  Band  LV.  LVI.  Heft  1, 

2  i  Mineialogie,  Botanik,    etc.,  Band  LIV.  Heft  4,  5 ; 

Band  LV.  LVI.  Heft  1.     Svo. — From  the  Academy. 
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Vienna. — Jahibuch  der  Eaiserlich-EoniglicbeD  GeologiEchen  Beich- 

fianetalt.     Band  XVII.  N'  3.     8vo.— Front  the  -Society. 

Verh&ndluDgea  dei   Raise rlich- Eon iglich en,  Geologiecheii 

ReichBanBtalt.     1867.     Nob.  10,  11.     Svo.—Fnm  the 

Soeieli/. 

Whilbg. — Forty-Fifth  Beport  of  tUe  Literary  and  Fbilosophical 

Society.     8vo. — From  the  Society. 

Zitrick. — NeuB   DenkBchnften  der  ADgemeiuen  Scbveizerisclien 

Gesellschaft  fur  die    geBammten   NaturwisBonBoharten. 

oireB    de    la   Soci<it6    Helvdtique    dee 

ea.]    BaDd    XXII.,   mit  XX.  Tafelo. 

«te(y. 

la.     Fergamentsbog  fra  forste  Halvdel 
bundrede.      CbrUliania,  1867.     8to. — 

!rg.  Etudes  EUr  les  AfBnit^  Cbimique^. 
. — From  the  Aulhan. 
ber  die  Fortscbritte  der  Chemie,  etc. 
Giesaeii.     Svo.—Fron  the  Editor. 
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PROCEEDINGS 


ROYAL  SOCIETY  OP  EDINBURGH. 


SioHTT  Sixth  Sebsion. 

Monday,  23d  Novemher  1868. 

DAVID  MILNE-HOME,  Esq..  Vice-President,  in  the  Chair. 

The  following  CouQcil  were  elected  : — 

FraideiU. 
pRorasBOR  CHRISTISON,  M.D. 

Honorari/  Viee-FTendetU$. 
Hie  Gracb  the  DUKE  of  ABGYLL. 
JAMES  D.  FORBES,  Esq.,  LL.D. 

Viet-PTttideiit*. 
Profesaor  0.  IxifEB.  i      Pmfessor  Kblland. 

Prof.  Lyoh  Platpaib,  C.B.        The  Hon.  Lord  Neavi8. 
D.  MiuiB  Home,  Esq.  {      Profeaaoi  Sir  Williau  Thomfson. 

Ofoeral  Saretary — Dr  Johh  Hcttoh  Balfocb. 

Stertiariu  to  Ae  Ordijiary  Maliiut. 

Dr  tiBORUE  James  Allman. 

Profeseoi  Tait. 

Treantrer — David  Smith.  Esq. 

OartUoT  of  Library  and  Mumum — Dt  Dodolas  If  Aclaoait. 


Dr  JoEH  Must.  Patrice  Dddgeon,  Esq.  of  Ciirgeii. 

Rev.  Tboiias  Brow!*,  Dr  Hdoh  Cleohorh. 

jAMRa  Sahdrbsor.  Esq.  W.  Diitmar,  Esq. 

R.  W.  Thomson,  Esq.  James  M'Bais,  Esq.,  Surgeon,  R.N. 

Georob  Kobertsoh,  Eaq.,  CE.  Dr  William  Robbrtbov, 

PtofeesoT  Plazei  Shitth,  Thomas  Stsvbmsoh,  Esq.,  G.E. 
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Monday,  7th  December  1868. 

Profeasdr  Christison,  the  President,  delivered  the  following 
OpentDg  Address : — 

Ghntlehin, — It  ia  now  nearly  five-and-forty  yean  Biaae  I  firet 
op«Ded  ray  lip6  in  this  Society,  a  venturouB  young  man,  undertak- 
ing to  inslrnct  both  practical  men  and  men  or  eoienoe,  as  veil  as 
the  pablio  at  large,  all  at  the  time  keenly  Interested  in  the 
inquiry, — What  weie  the  principles  for  properly  constmcting 
burners  for  combustion  of  the  light-giving  gases?  What  the  rela- 
tive values  of  oil-gas  and  coal-gas  for  giving  out  light,  and  whicli 
of  the  two  should  thenceforth  be  used  for  illuminating  the  world? 
At  that  time  it  vas  assuredly  the  farthest  thing  of  all  from  my 
dreams  that  a  period  might  come  round  when,  by  the  voices  of  my 
Fellow- Members,  I  should  be  promoted  to  an  ofBce,  the  highest  in 
learning  oi  science,  as  the  case  may  be,  which  Scotland  can  offer 
to  their  votaries, — held  last  by  Sir  David  Brewster,  and  previously 
filled  by  the  Duke  of  Argyll,  Sir  Thomas  Brisbane,  Sir  Walter 
Scott,  and  Sir  James  Hall. 

All  these  eminent  men  have  been  Presidents  of  the  Royal  Society 
of  Edinburgh  during  the  period  of  my  Fellowship,  except  the  last; 
whom,  however,  I  often  met  in  the  literary  and  scientific  ciroles  of 
which  my  father  was  a  member.  When  I  recall  the  remarkable 
services  of  these  five  men  to  learning  and  science  ;  their  contribu- 
tions to  the  meetings  and  Transactions  of  this  Society  ;  their  bear- 
ing among  its  Fellows,  and  the  universal  homage  paid  to  them  as 
our  official  heads, — I  am  apt  to  ask  myself  why  it  Is  that  I  am  now 
in  the  place  previously  adorned  by  such  men  as  these  7  To  this 
question  I  have  but  one  answer,  and  it  may  be  an  inadequate  one. 
The  office  was  not  of  ray  seeking.  It  was  not  within  the  range 
of  my  hopes,  n  even  of  my  thoughts.  But  when  my  appointment 
to  the  Presidentship  of  the  Society  was  spontaneously  recommended 
to  the  Society  by  the  Council,  I  felt  that  I  could  not  but  bow  to 
their  decision,  as  being  the  persons  best  qualified  to  know  what  is 
most  for  the  advantage  of  the  Society,  and  having  undoubtedly 
reasons,  sufficient  to  their  own  minds,  for  placing  in  me,  for  the 
due  discharge  of  the  duties  of  your  President,  a  confidence  whioh 
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I  can  truthfully  say  I  do  not  myself  entertaiD.  And  nevertheleBB, 
Laring  undertaken  these  dntiea,  and  posaessing  eoma  knowledge  of 
what  they  are,  I  must  hope  to  diecharge  them  to  your  satisfaction, 
with  the  help  of  a  villing  mind,  a  grateful  heart,  and  yooi  indul- 
gence. 

While  pondering  over  these  reflections,  it  occurred  to  me  to 
inqniie  whether  any  mark  had  been  left  on  the  work  of  thie  Society 
by  my  several  predecessors  in  office.  It  was,  I  confess,  some  com- 
fort to  me  to  find  that  at  all  periods  the  work  done  in  the  Society 
depended  more  on  the  Vice- Preside nts,  the  SecretaneB,  and  the 
other  members  of  Conncil,  as  well  as  the  Fellows  at  large,  than  upon 
your  President  for  the  time  being;  who  may  have  felt,  perhaps, 
that,  having  generally  done  good  work  previously  in  an  inferior 
capacity,  he  might  be  allowed  to  repose  a  little  on  his  dignity,  and 
transfer  much  of  the  ardnyus  labonr  of  literary  and  scientific 
research  to  those  enjoying  the  inestimable  advantages  of  greater 
vigour  of  life,  and  a  younger  enthnsiasm. 

In  the  couree  of  my  searches  into  this  matter,  I  had  to  go  farther 
back  than  my  personal  recollections,  even  to  the  Presidency  of 
Henry,  Duke  of  Buccleuch,  and  thus  was  imperceptibly  led  into 
the  midst  of  the  earliest  proceedings  of  the  Society,  when  it  first 
Btarted  into  existence  in  1763  as  the  Royal  Society  of  Edinburgh, 
under  the  leadership  of  that  distinguished  nobleman.  The  study 
of  the  Proceedings  and  Tranaactions  of  the  Society  during  his 
Presidentship,  which  lasted  for  the  long  term  of  twenty-eight 
years  till  his  death  in  1811,  seized  upon  me  with  a  fascination 
which  no  one  can  thoroughly  understand  without  following  my 
example.  Biit  it  has  seemed  to  me  that  I  might  convey  eome  por- 
tion of  the  pleasure  of  that  retrospect  were  I  to  summarise  and  cull 
the  interesting  and  very  diverse  materials  thus  presented  to  view, 
and  offer  you,  as  my  Address  on  the  present  occasion,  a  history  of 
some  portion  at  least  of  the  Life  of  the  Boyal  Society  of  EdiO' 
bnrgh. 

The  History  of  our  Society  has  never  yet  been  written.  But  it 
ia  a  duty  owing  to  our  predecessors,  who  earned  for  it  a  great 
reputation,  that  eome  time  soon  such  a  history  should  be  written. 
The  task,  however,  is  one  which  will  need  the  labour  of  several 
hands— the  materials  being,  as  already  said,  so  very  multifariong, 

,  .Coogic 


394  Proceedings  of  the  Royal  Society 

All  I  can  pretend  to  do,  vith  the  small  ability  and  little  leienre  of 
vhicb  I  can  avail  myeeir,  is  to  att«mpt,  Id  a  deenltory  way,  as  macb 
at  present  as  ipy  time  admits  of  my  overtaking,  and  yoars  of  your 
listening  to.  But  I  bave  some  hope,  nevertheless,  that  so  ntnch 
may  be  said  as  to  induce  my  able  coadjutors,  who  annually  in  bdc- 
cession  addresH  you  from  the  Chair,  to  look  also  a  little  into  the 
materials  I  have  been  examining,  and  to  show,  by  each  taking  up 
that  branch  of  oar  history  which  is  most  allied  to  his  pnisuits  and 
congenial  to  his  inclinations,  the  variona  braocbes  of  learning  and 
science  on  which  oni  Society  haa  more  or  less  abed  its  rays  during 
the  last  eighty-five  years, — the  moat  eventful  era,  probably,  that 
haa  occurred  in  the  literary  and  scientific  history  of  this  natioo. 

It  is  scarcely  necessaiy  to  remind  you  that  the  Royal  Society  of 
Edinburgh  was  created  mainly  through  the  influence  of  Principal 
Boberlson,  from  a  pre-existing  association  of  the  most  illustrious 
Scotsmen  of  the  time,  called  the  Philosophical  Society;  which 
again  had  arisen,  through  the  exertions  of  Colin  Maclanrin,  from  a 
combination  of  learned  and  scientific  men  who  published  between 
1731  and  1739  the  "  Medical  Essays  and  Observation  a." 

The  Koyal  Society,  in  itsearly  years,  was  chiefly  composed  of  the 
following  remarkable  galaxy  of  genina  and  talent : — Between  1783 
and  1805  we  find,  in  the  branch  of  L^eratare^  and  moat  of  them 
taking  tbeir  share  in  the  business  of  the  Society,  the  names  of 
Principal  Bobertson,  the  Bev.  Drs  Hugh  Blair,  Carlyle,  and 
Henry;  Professors  Hill,  Dalzel,  Ferguson  and  Fiaser-Tytler  of 
Edinburgh,  Beatty  of  Aberdeen,  Hunter  of  St  Andrews,  and  Toung 
of  Glasgow ;  Dr  Boig  of  Stirling,  Henry  Mackenzie,  and  William 
Smellie.  In  Philoiophy — Adam  Smith,  Thomas  Beid,  Dngald 
Stewart,  and  John  Bruce.  In  MathenuUics  and  Phj/iiea — Professom 
Matthew  Stewart,  John  Kobison,  Bobeit  Blair,  John  Playfair, 
John  Leslie,  and  William  Wallace,  of  Edinburgh ;  John  Anderson 
of  Glasgow,  and  James  Ivory.  In  Chemittry — Black,  Butherford, 
Hope,  Boebuck,  and  Lord  Dundonald.  In  the  Natural  Sci«nee$ — 
Frofeseora  Walker  and  John  Hope,  Hutton,  Playfair,  and  Colonel 
Imray.  In  Medicine— GMen,  the  second  Monro,  James  Gregory, 
Francis  Home,  Andrew  Duncan,  Sir  Gilbert  Blane,  and  Benjamin 
Bell ;  and  to  these  must  be  added  a  host  of  conspicuous  lawyers 
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and  conntry  gentlemeD  of  the  time,  all  more  or  less  coDveraant 
with  litem;  or  actentifio  pnranits,  unong  wbom  the  most  con- 
BpicuouB  were  Lord-Piestdent  DtiDdaB,  Lord  Jnatice-Glerk  Miller, 
Lords  Meadowbank  and  Gleolee,  Baroae  Hontgomeiy,  NortoD,  and 
Hume,  Sir  Hear;  Campbell,  Sir  James  Hall  of  Dunglass,  Sir 
George  Clei^  Maxwell  of  Penicnick,  Sir  Alexander  Dick  of  Preston- 
field,  Sir  George  Mackenzie  of  Coull,  Sir  James  Hunter  Blair  of 
Dnnskey,  Sir  William  Forbes  of  Pitsligc^  and  John  Clerk  of 
Eldin. 

It  will  be  aokoowledged  to  be  difiBcnlt  to  diacovei  in  any  conntry, 
and  at  any  period,  united  in  a  single  association,  sixty  names  more 
remarkable  than  these  for  the  impression  they  have  mode  on  the 
peaceful  part  of  the  history  of  a  nation. 

The  medical  element  of  the  Society  was  in  those  days  peculiarly 
rich  in  great  names.  This  was  the  element,  too,  from  which  the 
Society  originally  sprung.  We  should  therefore  naturally  expect 
medicine  to  fionrisb  in  a  Society  descended  from  the  medical 
essayists  of  the  middle  of  lost  century.  But  medicine  makes  only 
a  rare,  and  for  the  most  part  insignificant  appearance  in  the  busi- 
ness of  the  Boyol  Society.  It  is  a  matter  of  cariosity,  however,  to 
see  how,  even  bo  far  down  as  1792,  when  yery  much  smothered  by 
literature  and  pure  science,  medicine  still  sometimes  cropped  out 
in  naked  simplicity.  Among  the  early  papers  read  in  the  Society, 
Dr  Hope  describes  a  disagreeable  case  of  death  from  impaction  of 
a  gall-stone  in  the  bile-ducts ;  Dr  Butter  of  London  proclaims  hem- 
lock  to  be  a  sovereign  cnre  for  St  Yitas's  dance ;  Dr  Duncan  inti- 
mates that  be  had  cured  an  inveterate  hiccup  with  a  single  dose  of 
diluted  sulphuric  acid ;  at  a  later  period,  Mr  James  Bnssell,  arter- 
wards  Professor  Bussell,  a  well-known  colleague,  commnnioates  a 
singular  case  of  hernia,  and  Dr  Prancis  Home  treats  of  the  disease 
.  Amaurosis.  If  this  be  all  which  medicine  could  do  in  its  most 
palmy  days  in  Edinburgh  to  hold  up  its  head  in  the  Boyal  Society, 
I  confess  it  is  not  a  subject  of  regret  that,  by  gradual  and  tacit 
consent,  papers  on  pure  medical  practice  have  been  allowed  to  drop 
from  our  Proceedings.  For  assuredly  there  is  nothing  at  all  so 
remsrkahle  or  peculiarly  instructive  in  death  from  an  impacted 
gall-stone,  or  from  any  form  of  hernia,  as  to  deserve  being  re- 
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corded  in  the  FroceediDgs  of  a  Royal  Society;  nor  would  I  advise 
patient  or  pfaysiciaD-  to  trnat  moch  either  to  Dr  Butter'e  cure  for 
St  TituB'a  daDce,  or  to  the  lemedy  vhiob  seemed  to  Dr  Dqdcmi  to 
put  an  end  to  inveteiate  faiccap.  The  first  volume  of  our  Tiana- 
actions,  however,  contains  one  able  paper  on  a  sabject  of  pore 
practical  medicine — a  treatise  by  an  eminent  English  physician  of 
last  century,  Dr  Hamilton  of  Lynn-Begie,  upon  the  Hnmps,  or 
Gynanche  parotidraa,  a  disease  which  bad  prerionsly  been  little 
studied  in  England.  But  this  treatise  was  originally  produced  to 
the  Philosopbical  Society  in  1773,  and  the  Boyal  Society,  deeming 
it  worthy  of  publication,  printed  it  in  the  Transactions. 

In  the  more  congenial  fundamental  scienoes  of  medicine,  ana- 
tomy and  physiology,  the  work  done  in  the  Society  in  its  early 
years  presenla  features  of  greater  interest.  Ur  Blizard  of  London 
gives  an  account  of  an  extra-uterine  fostna ;  Dr  Monro  describes  a 
remarkable  male  monster;  investigates  the  anatomy  of  hydroce- 
phalus; inquires  into  the  communications  existing  between  the 
ventricles  of  the  brain — a  field  in  which  he  had  long  before  been  a 
famous  discoverer;  explains  the  action  of  those  mnecles  which 
consist  of  oblique  fibres ;  and  narrates  the  results  of  experiments, 
among  the  earliest  made  in  this  country,  in  1792,  confirmatory  of 
the  immortal  discovery  by  &alTani  of  galvanic,  or,  as  it  was  then 
called,  animal  electricity.  The  investigations  of  Dr  Francis  Home 
on  the  relative  strength  of  tonics,  and  his  medical  experiments  on 
foxglove,  read  in  the  Society,  but  published  in  a  separate  treatise, 
show  that  thero  is  another  fundamental  branch  of  medicine  proper^- 
therapentics,  which  may  be  cultivated,  as  a  science,  by  physiologi- 
cal experiment,  as  well  as  by  mere  observation  of  empirical  facts; 
and  until  this  view  he  taken  generally  by  physicians  of  the  true 
method  of  studying  the  action  of  remedies,  medicine  will  make  but 
little  progress  in  this  the  most  important  of  all  its  departments. 

There  are  other  medical  inquiries  of  interest  to  be  found  in  the 
Society's  early  Proceedings  and  Transactions,  such  as  Dr  Alexander 
Wilson's  paper  on  the  action  of  opium  on  animals,  and  that  of  Dr 
James  Johnston  on  the  functions  and  diseases  of  the  lymphatic 
glands.  But  I  hasten  from  these  and  other  inquiries,  which  might 
be  usefully  put  in  detail  before  a  medical  audience,  to  other  topics 
of  more  general  interest. 
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Before  doing  eo,  I  will  Tenture  to  tonch  for  one  moment  on  a 
ntther  delicate  topic — the  connectton  of  the  Society  in  ita  early 
days  irith  theological  subjects  of  discnseion — because  I  find  at  that 
time  an  incident  which  might  have  helped  the  Connoil  and  the 
Society  when  a  question  was  lately  raised  as  to  this  matter.  In 
1791  and  1792  the  Rev.  Dr  Ogiivy  of  Midmar  read  no  leas  than 
three  sacceeeive  papers  on  the  Theology  of  Plato,  whereupon  there 
occurs  the  following  minute : — "  The  Society  observed  with  regret 
that  the  discussion  of  a  religiouB  natnre,  contained  in  this  learned 
communication,  rendered  an  admiasion  of  it  among  theii  papers 
inconsistent  with  their  plan ;  Mid  therefore  it  was  not  put  into  the 
hands  of  the  Committee  for  publication."  If  it  was  found  necea- 
eary  to  discourage  such  discoesions  in  1790,  it  is  not  less  so  in  these 
days,  when  religions  differences  are  not  less  general,  diverse,  and 
keen.  Appealed  to  on  a  recent  occasion  to  state  the  law  or  usage 
of  the  Society  on  this  subject,  the  Council  had  only  one  difficulty ; 
which  was  to  define  what  amounted  to  the  nature  of  a  theological 
communication.  It  would  be  clearly  absord,  for  example,  to  say 
that  when  a  soientifio  observation  or  inquiry  threw  light  upon  a 
scripture  fact,  or  some  incident  in  scripture  history,  the  author 
ahonld  be  debarred  from  calling  attention,  in  passing,  to  such  a 
practical  application  of  his  inquiries.  On  the  other  hand,  no 
Fellow  of  the  Society  would  probably  ever  dream  of  introduciog 
into  it  ao  express  dissertation  on  a  pure  theological  theme.  Be- 
tween these  extremes  there  must  be  a  limit  which  ought  not  to  be 
crossed,  and  which  it  must  be  left  in  the  first  place  to  every  man's 
discretion  to  observe ;  but  if  it  be  passed,  I  apprehend  that  it  is 
still  the  duty  of  the  Society,  ot  its  Council  acting  by  its  authority, 
to  see  that  the  offending  communication,  as  of  old, "  be  not  put 
into  the  hands  of  the  Committee  for  publication." 

The  first  twenty  yean  of  the  life  of  the  Society  is  rich  in  literaiy 
inquiries,  I  venture  to  hope  that  some  time  soon,  a  literary  Vice- 
President  will  undertake  to  tell  us  something  of  these  communica- 
tions, both  on  account  of  the  information  they  contain,  and  for  the 
eake  of  the  light  they  throw  upon  the  character,  in  point  of  learning, 
of  their  authors,  who  were  among  the  most  learned  Scotsmen  of 
tlie  period.    It  appears  that  no  fewer  than  thirty-eight  papers  on 

,    Google 


398  ProceedingB  of  the  Royrd  Society 

literary  subjects  were  read  at  the  Society's  meetings,  and  are  in 
general  either  BammanBed  or  published  at  length  in  the  first  six 
volumes  of  the  Transactions.  The  most  material  are  ten  Gramma- 
tical papers  by  Dalzel,  Hill,  Honter,  Tonng,  and  Gregoij,  chiefly ; 
one  Etymological  by  Dr  Jamieson ;  three  Critical,  on  the  MutAA,  by 
Beatty,  the  character  of  Hamlet  by  Dr  T.  Bobertson,  and  the 
Oerman  theatre,  by  Henry  Mackenzie;  three  on  Historical  Com- 
position by  Hill  and  Froser  Tytler ;  three  General  Diasertationa 
connected  with  the  subject  of  poetry,  by  Dalzel  and  Hill ;  on  the 
Standard  of  Taste,  by  Dalzel ;  on  the  Principlea  of  Translation,  by 
Fraser-Tytler ;  on  the  Argonantic-  Expedition,  by  the  Bev.  Hr 
Uarshall  of  Cockpen ;  on  the  Origin  of  the  Hellenes  and  of  their 
name,  by  Dr  Doig,  of  Stirling,  who  traces  the  Greeks  to  Chaldea ; 
on  Written  Language  as  a  Sign  of  Speech,  by  Dr  Hntton ;  four  Eth- 
nological papers, — 1.  £y  Dr  Gregory,  on  a  Lacnstrine  Fort  in  Loch 
Urr,  Eirkcndbrightshire ;  2.  By  Colonel  Montgomery,  on  an  Ancient 
Sculptured  Stone  in  CoUsficld;  3.  By  Fraser-Tytler,  on  the  Vitri&ed 
Forts  in  the  Highlands;  4.  BySrAnderson,  on  the  Ancient  Circular 
Bnildings,  or  Honsea  of  Scotland ;  and  last,  and  one  of  the  chief  of 
all,  the  elaborate  researches  of  Chevalier  into  the  Plain  of  Troy, 
read  by  the  author  himself  to  the  Society  in  1791,  and  published 
tn  extenso  in  the  French  language,  In  the  third  volnme  of  the 
Society's  Transactions.  I  most  leave  to  the  literary  members  of 
your  number  to  say,  whether  there  is  not,  in  these  diversified  papers, 
rare  materials  for  such  a  historical  anmmary  of  the  work  done  at 
our  meetings  of  old  as  I  have  indicated.  I  myself  can  only  aim 
for  the  present  at  a  brief  allusion  to  the  remarkable  investigations 
of  Chevalier, 

Doubts  have  often  been  raised,  and  keen  controveray  has  arisen 
among  the  learned,  as  to  the  reality  of  the  existence  of  a  Homer  in 
poetry,  an  ancient  Troy  in  geography,  and  a  Trojan  war  in  history. 
Chevalier,  by  bis  careful  personal  survey  of  the  plain  of  Troy  and 
its  neighbourhood,  contributed  much  to  dispel  these  doubts,  in  bo 
far  as  he  ascertained  that  the  leading  incidents  described  in  the 
Iliad  fait  inexactly  with  the  remarkable  structure  of  the  Plain  and 
surrounding  country ;  thus  furnishing  internal  evidence  that  the 
composer  of  the  Iliad  must  have  been  intimately  acquainted  with 
the  district  where  the  Trojan  war  was  carried  on.    It  is  only  in  the 
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most  recent  ttmeB  that  vriteis  of  romance  bave  thought  it  vorth 
their  while  to  know  and  portray  the  natural  featnroB  of  the  places 
where  the  incidents  they  invent  are  represented  to  have  occDired, 
It  is  a  matter  of  doubt,  whether  even  the  most  recent  and  scmpu- 
lons  works  of  the  kind  could  stand  euccessfully  bo  minute  a  topo- 
graphicfil  scrutiny  aa  that  to  which  the  Iliad  has  been  subjected  by 
Chevalier  and  others  since  his  time.  But  it  is  scarcely  to  be  sup- 
poeed  that  a  composer  of  mere  fiction,  in  so  remote  a  period  of 
antiquity  and  barbarism,  and  when  intercommunication  between 
countries  was  rare  and  difGoult,  would,  aa  must  be  held  by  the 
advocates  of  the  Iliad  being  a  romance,  undertake  so  troublesome 
and  unnecessary  a  oonditioo  in  those  days,  for  a  work  of  the  ima- 
giuatioD,  aa  a  minute  personal  study  of  a  vide  and  complex  field 
of  strife,  which  he  chose  for  tho  theatre  of  a  romance.  It  is 
impossible,  therefore,  to  deny  that  the  researches  of  Chevalier 
added  greatly  to  the  pre-existing  probability  that  Earner  was  an 
entity,  and  the  siege  of  Troy  an  event,  in  real  history. 

The  main  features  of  Chevalier's  Tableau  de  la  Plaine  de  Troye, 
remain  undisputed  to  the  present  day,  save  one,  and  rather  an 
important  one,  the  actual  site  of  ancient  Troy  itself.  Our  late 
much-esteemed  Fellow,  Mr  Charles  Maclaren,  without  having 
visited  the  plain  (though  he  did  so  subsequently),  called  in  question 
the  oonclnsion  at  which  Chevalier  arrived  as  to  the  position  of  the 
town  for  the  possession  of  which  Homer's  heroes  fought.  The 
district  may  be  briefly  deacribed  as  a  plain  about  eight  miles  long 
and  five  miles  in  breadth,  stretching  from  the  westerly  spurs  of 
mount  Ida  to  the  ^gean  Sea,  bounded  on  the  north  and  south  by 
ridges  of  moderate  elevation,  and  separated  f^m  the  jSgean  by  a 
line  of  low  heights,  oxcept  at  the  mouth  of  the  river  Mindere  or 
Simois.  Chevalier  placed  the  site  of  ancient  Troy  near  the  south- 
east angle  of  the  plain,  in  the  lower  region  of  the  bounding  ridgg 
on  the  south,  and  describes  traces  of  ancient  walls  in  this  locality, 
close  to  a  modem  Turkish  village,  Bounarbashi.  But  Maclaren 
points  out  that  this  position, — nine  miles  from  the  coast,  where  the 
Greeks  were  encamped,  with  their  vessels  drawn  up  on  shore, — is 
much  too  great  for  the  time  allowed  by  Homer  for  certain  incidents 
of  the  war  which  took  place  between  the  two  limits,  the  town  and 
the  ships ;  and  bringing  to  his  aid  the  knowledge  of  a  skilful  geolo- 
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gist  to  explain  obanges,  evident  to  each  an  eye,  vhich  in  the 
oonrse  of  ages  may  have  taken  place  in  the  channels  of  the  riveTS 
4nd  the  structure  of  their  banks  since  the  time  of  the  siege,  be 
arrives  at  the  result,  that  the  site  of  the  ancient  town  was  the  e&me 
with  that  of  Strabo's  Novum  Ilium.  Tbeie  is  a  long  tongue  of 
wide,  elevated  land,  steep  on  the  sides,  but  not  precipitone,  which 
etretobee  from  the  lover  heights  of  monnt  Ida  for  more  than  two 
miles  westward  into  the  very  heart  of  the  plain  of  Troy.  The 
westdm  terminal  portion  of  this  ridge  vaa  the  site  of  Novum 
Ilium ;  the  ground-plan  of  which  is  still  indicated  by  remains  of 
walls,  and  by  snob  an  accnmnlation  of  broken  bricks  and  shattered 
porcelain  all  over  the  surface,  that  when  friends  of  mine  visited  the 
place,  while  In  the  army  medical  service  at  Benkioi  Hospital, 
daring  the  late  Turkish  war,  theyfonnd  it  a  troublesome  matter  to 
ineasuie  the  ground,  by  pacing  through  the  covering  of  loose  frag- 
ments. Now,  it  is  scarcely  to  be  conceived  that,  when  the  people 
of  the  country,  represented  by  Homer  to  be  well  acquainted  with 
the  art  of  defensive  fortifioation,  determined  to  erect  a  fortified 
town  for  the  protection  of  their  territory,  they  would  overlook  this 
oonspionouB  spot,  eminently  aaitable  for  all  the  oonditlonB  of  refuge 
and  defence  in  these  early  times,  and  would  choose  rather  a  remote 
oomer  of  their  land,  leaving  the  whole  cultivated  plain  between  it 
and  the  sea  open  to  sudden  piratical  incursions.  But  on  other 
grounds  than  this  Mr  Maclaren  has  proved,  to  the  satisfaotion  of  all 
soholats  who  have  studied  the  subject  sinoe,  that  Troy  and  Novum 
Ilinm  must  have  stood  on  nearly  the  same  site,  I  may  mention, 
as  a  new  argument  in  support  of  that  view,  that  Dr  EJrk,  one  of 
the  viattoTs  referred  to,  found  Chevalier's  supposed  fonndationa  of  an- 
cient walls  at  Bounarbashi  to  be  really  the  remains  of  trap-dykes. 

So  far  Chevalier  has  been  corrected.  But  ihe  criticisms  of  Uac- 
laren  do  not  take  away  from  the  light  which  Chevalier  was  the  first 
to  throw  over  the  moat  interesting  of  all  events  desoribed  as  ooour- 
ring  in  remote  secular  history. 

Among  the  literary  labours  of  the  Society  most  be  arranged  a 
crowd  of  authentic  biograpbiea  of  the  moet  eminent  Sootamen  of 
the  time,  Fellows  of  the  Society,  written  by  men  generally  not 
less  distiognisbed  than  those  whom  they  have  commemorated. 
This  is  a  branch  of  the  Froceedinga  of  the  Society  which  it  ia  im- 
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{Kwaible  to  anmmanse.  Bat  I  have  alluded  to  it  on  account  of  a 
very  sDTpriBing  statement  in  the  biography  of  Sir  George  Clerk 
Uaxwell  of  Penicnick,  father  of  our  lately  deceased  Felloir,  Sir 
George  Clerk,  which  was  read  in  1784  hy  John  Clerk,  junior,  of 
Eldin,  afterwards  Lord  Eldin  of  the  Scottish  hench.  The  author 
says,  Sir  Grecrge  "  had  an  excellent  taste  for  the  fine  arts,  and  was 
solicitons  to  enconrage  them.  As  one  instance  of  this,  he  had  the 
principal  concern  in  estahlishing  and  procuring  an  endowment  for 
the  drawing- school  in  the  University  of  Edinburgh,  where  twenty 
pupils  are  instructed  gratia  in  the  art  of  designing.  These  are 
selected  from  among  such  yonng  people  of  either  sex  as  give  signs 
of  genius,  who  are  destined  to  apply  to  those  professions  in  which 
a  skill  in  that  art  is  requisite.  This  institution  has  contributed 
more  than  any  other  circumstuice  to  the  great  improvement  of 
ornamental  manufactory  which  this  country  has  made  d\uing  the 
last  twenty  years.  And  who  ever  recollects  the  old  patterns  of 
carpet,  damask,  gauze,  and  other  manufactures  of  that  sort,  and 
compares  them  with  those  of  the  present  day,  must  allow  the 
superior  elegance  of  design  now  exhibited  in  these  prodactions, 
scd  which  may  be  reasonablj;  ascribed  in  a  great  measure  to  the 
liappy  effects  produced  by  the  institution  we  have  mentioned." — 
Trtuu.  i.  fil. 

It  is  impossible  that  Mr  Clerk,  himself  an  ardent  admirer  of 
art,  and  addressing  a  Society  composed  largely  of  Professois  of  the 
University,  could  be  mistaken  in  making  this  precise  statement. 
Nevertheless,  I  never  heard  of  such  a  school  in  the  University. 
There  was  most  assuredly  no  such  school  in  existence  when  I  first 
joined  it  as  a  student  in  1811.  It  cannot  have  merged  in  the  pre- 
sent excellent  School  of  Design,  because  that  school,  as  now  con- 
■titutfid,  was  founded  only  in  recent  times ;  and  to  several  of  its 
governors  this  passage  from  Sir  George  Clerk  Sfaxwell's  biography 
has  seemed  quite  as  novel  and  surprising  as  to  myself.  What, 
then,  has  become  of  the  University  School?  When  did  it  expire? 
How  did  it  vanish?  Above  all,  what  has  become  of  the  endov- 
meut?  All  I  can  say  upon  the  last  bead  is  that  positively  it  has 
not  been  swallowed  up  by  the  Senatus  Academicus  since  I  became 
a  member  of  that  body  in  1822.* 

*  The  Btatement  of  Mr  Cleik  soamt  to  be  Biplnined  hj  so  obMrratiou,  !• 
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Philoeophy  seldom  ventured  to  appe&r  before  the  Boyal  Society. 
In  1784  Dugald  Stewart  read  kq  essay  on  Caase  and  Effeot,  and 
in  the  same  Beeeion  Dr  Gregory  read  another  on  Cause  and  Effect 
in  Phystca.  Bnt  of  neither  is  there  even  an  abstract  in  the 
Society's  Proceedings. 

The  Chemical  papers  produced  before  the  Society  during  the 
first  twenty  years  of  its  exiBtence— sixteen  in  number — are  not  bo 
onmerouB  as  we  might  expect,  yrhen  it  ie  considered  that  the  great 
discovery  by  Black  of  the  composition  of  the  carbonates,  and  the 
nature  of  caibonio  acid,  was  itill  of  rather  recent  date.  Bnt  some 
of  these  papers  are  of  interest,  and  retain  their  valne  in  the  pre- 
sent day.    The  most  important  of  them  are  as  follows : — 

That  remarkable  genins,  Lord  Duudonald,  father  of  the  lately 
deceased  naval  hero,  read  in  1781  a  characteristic  inquiry  into  the 
purification  of  sea-salt.  Having  found  that  a  concentrated  solu- 
tion of  common  sea-salt  posaesses  the  property  of  dissolving  a  lai^e 
quantity  of  the  magnesian  salts,  which  are  always  to  be  found  in 
it  in  small  proportion, — rendering  it,  however,  attractive  of  mois- 
ture ID  damp  air,  and  less  fit  for  the  curing  of  meat, — he  placed 
the  salt  to  be  purified  in  a  conical  filter,  and  passed  through  it  two 
or  three  saocessiva  portions  of  a  concentrated  hot  solution  of  the 
same  impure  salt,  with  the  efTect  of  removing  almost  entirely  the 
salts  of  magnesia.  This  method  was  plainly  applicable  to  the 
large  manufacturing  scale ;  and  the  inventor  bad  only,  as  in  the 
purification  of  loaf-eugar  by  pure  syrup,  to  displace  the  last 
saline  liquor  remaining  in  the  int«rstices  of  the  salt,  by  a  solntion 
of  pure  chloride  of  sodium,  when  the  whole  of  bis  product  wonid 
have  been  quite  pure. 

Dis  Black  and  Hutton  being  appointed  with  Ur  Bussell  a  com- 
mittee to  examine  and  report  on  a  process  proposed  for  manufac- 
turing spirit  from  carrots  by  two  enterprising  experimentalists. 
Hunter  and  Tbomby,  they  find  that  twenty  tons  of  this  root  yield 

which  mj  attention  hu  been  turned  in  Hngo  Arnot's  "  HiBtorj  of  E!din- 
bnrgh"  (1T89,  p.  8:^3),  tb&t  (hs  Board  of  Trueteea  for  Eaconntgement  of 
MunufBctores  ftppointed  nn  artiet  in  1772  to  teach  twenty  bojs  or  girls  dinw- 
\nf,  nod  obtained  for  the  pnipoae,  from  the  Town  Council,  the  nee  of  two 
rooms  iu  tliB  Uaiverait]'.    {Xitp.  li.^ 
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ivo  hnndied  gaUona  of  {soof-spirit,  eqmt)  in  qnality  and  cheapness 
to  the  best  sort  of  corn-spiiiL  It  ia  esay,  throngh  action  of  recti- 
fied spirit  on  extract  of  canot-jnice,  to  ciyBtalliBe  from  it  fine  cane- 
nifrar,  which  wiU  acconnt  for  this  resolt.  But  the  Society's 
lecoids  do  not  slate  aaywheie  what  snccess  the  inventoTS  attained 
with  their  new  mannfsctnie. 

Dt  Kennedy,  well  known  and  esteemed  at  the  period  as  a 
chemical  analyst,  contribntee  a  careful  analysis  of  a  new  Zeolite 
from  the  greenstone  of  Salishnry  Crags,  showing  that  it  ccnsist? 
almost  entirely  of  silica,  lime,  and  8^  per  cent,  of  soda;  and  in 
1798  he  commnnicates  a  mnch  more  interesting  account  of  the 
composition  of  basalt,  greenstone,  and  lava.  In  the  latter  paper 
he  comes  to  the  conclnsion,  that  the  basalts  and  greenstones  aroand 
Edinburgh,  and  the  iavaa  aronnd  Etna,  all  agree  both  in  the 
natare  and  the  proportion  of  their  main  constitnents,  which  are 
silica,  alumina,  and  oxide  of  iron,  with,  is  all,  abont  4  per  cent,  uf 
Hoda.  The  iuferest  of  these  facts,  in  their  application  to  the  pre- 
vailing geoli^ical  doctrines  of  that  period,  as  well  as  of  the  present 
time,  will  be  seeD  presently,  and,  indeed,  is  obviona  on  the  bare 
mention  of  them. 

In  1791  Dr  Black  presents  his  last  communication  to  the  fioyal 
Society,  his  famous  analysia  of  the  spouting  hot  springB  of  Geyeer 
and  Ryknm  in  Iceland.  In  the  Transactions  this  important  paper 
is  accompanied  by  another  from  Ur  Stanley  of  Alderley,  H.F., 
from  whom  Black  obtained  the  waters  for  examination,  and  who 
himself  collected  them  during  a  visit  to  Iceland  in  1789.  There 
has  appeared  since  that  time  no  better  account  of  these  extra- 
ordinary springs  than  that  given  by  Mr  Staoley,  and  in  some  re- 
epeota  it  anrpasees  more  recent  uarrativea  in  complete  and  graphio 
description.  I  know  not,  indeed,  that  any  subsequent  visitor  baa 
added  much  to  our  knowledge  until  our  deceased  Fellow,  Ur  Alex- 
ander Bryson,  communicated  to  this  Society  his  excellent  thermo- 
metric  observations  on  the  very  high  temperature  attained  by  the 
waters  at  great  depths  in  the  funnel  whence  they  are  projected. 
In  Black's  time  geologists  nnd  chemists  were  puzzled  to  account 
for  the  Bolotion  in  the  water  of  the  great  amonnt  of  silica  neces- 
sary to  form  the  extensive  dep<witB  of  hard  siliceous  sinter  around 
these  fountains.    Black's  analyBts  gave  the  explanation.    Of  the 
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eight  gTftinB  io  the  Bykam  water,  and  ten  graJDB  in  the  Geyser 
water,  of  solids  in  10,000,  Black  showed  that  about  one-half  cod- 
sbted  of  silica  dissolved  by  soda;  that  the  soda  amounted  to  half 
a  grain  in  the  former,  and  a  whole  grain  in  the  latter ;  that  it 
was  the  means  of  disaolving  more  than  six  times  its  own  weight 
of  silica;  and  he  conjectured  that  this  great  dissolving  power  was 
partly  commnnicated  hy  veiy  high  heat,  existing  where  the  process 
of  solution  was  constantly  going  on. 

In  1793,  is  a  postscript  to  the  Proceedings  of  the  Society  for 
that  year,  Cr  Hope  produces  bis  well-known  discovery  of  the 
mineral  strontianite,  bis  analysis  of  it,  bis  discovery  of  the  new 
eartb,  stroutia,  and  his  investigation  of  the  properties  of  the 
earth  itself  and  ito  componnds.  This  paper,  which  at  once  estab- 
lished for  him  a  great  name  among  chemists,  and  was  given  to  the 
world  when  he  was  quite  a  young  man,  enpplies  internal  evidence 
that  Dr  Hope  possessed  in  an  eminent  degree  all  the  qualifications 
for  a  profonnd  analyst  and  discoverer— patience,  inTentivenesR, 
accntacy,  and  acute  discrimination.  The  wonder  is, — which  all 
his  scientific  friends  have  felt,  but  no  one  bas  thoroughly  explained 
to  his  own  satisfaction, — that  with  this  first-rate  investigation,  and 
at  tbe  mete  outset  of  scientific  life,  Dr  Hope's  career  as  an  analyst 
both  began  and  ended.  New  earths,  new  alkalies,  new  acids,  new 
metals,  were  constantly  announced  from  all  sides  around  by  those 
engaged  on  the  same  field  which  he  had  shown  be  could  fruitfully 
cultivate.  But  Br  Hope  never  nudertook  another  chemical 
analysis. 

Id  1788  Sir  James  Hall  read  an  exposition  of  Lavoisier's  new 
Theory  of  Chemistry,  being  probably  tbe  first  account  given  in 
Scotland  of  that  philosopher's  great  discoveries.  Soon  afterwards 
Hntton  read  &  reply  to  Lavoisier  and  Sir  James  Hall,  in  an  essay 
on  Phlogiston.  Both  papers  are  lost  to  the  world ;  for,  at  tbe  time 
when  they  were  read,  authors  did  not  desire  to  print,  and  the  Society 
did  not  pnblish,  either  in  its  Proceedings  or  its  Transactions, 
scientifio  papers  of  a  merely  critical  nature.  We  can  easily  under- 
stand,  however,  how  stoutly  Hntton  wonld  at  that  period  stand  np 
for  the  ezietence  of  phlogiaton  ;  which,  nevertheless,  wss  doomed 
to  die  a  sudden  death  at  the  bands  of  the  Fronch  executioner. 

In  1796  Dr  Hutton,  in  a  paper  entitled  "A  New  PhenomenoD 
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in  tbe  Salpbnrating  of  Ifetals,"  proTee  that  when  salphnr  and  iron 
are  heated  together,  and  combine  to  form  the  sulphide  of  iron,  tbe 
pTOceas  is  one  not  of  inflammation,  as  might  appear  on  a  hasty  snr- 
Tey  of  the  pheoomenon,  but  of  iooandesoence,  which  lasts  only 
during  tbe  abort  time  combination  goes  on,  and  without  any  of  the 
BBeentiala  of  combustion.  He  annexes  some  inferenoes  in  respect 
to  the  connection  between  beat  and  light,  which  I  may  have  to 
revert  to  under  a  future  bead,  aa  in  some  measure  anticipating  a 
great  modem  doctrine.  The  experiment,  a  etiikiog  one,  baa  been 
rendered  long  familiar  in  conaeqaence  of  Cr  Hope,  who  aaaisted 
Hatton  in  thia  ioquiry,  having  constantly  made  it  the  subject 
of  brilliant  demonstration  in  hia  lectures,  as  many  of  us  most 
well  remember. 

la  1800  Sir  George  Mackenzie  presented  to  the  Society  a 
very  conclnBLve  inquiry  as  to  the  combustion  of  tbe  diamond. 
It  had  been  burnt,  and  its  nature  deduced  from  the  product,  in 
various  complex  ways,  by  several  eminent  chemical  pbiloBopbera. 
But  Sir  Gteorge  had  tbe  merit  of  ahowing  how  it  might  be  con- 
sumed in  a  simple  muffle  with  unaided  heat  at  15°  of  Wedge- 
wood's  pyrometer, — that  steel  might  be  made  by  heating  irou  in 
contact  with  its  dust, — and  that,  by  duly  heating  a  mixture  of  pnl- 
verisod  iron  with  a  fourth  of  its  weight  of  diamond  dust,  a  fused  mass 
may  be  obtained  which  is  quite  undiBtinguishable  from  cast-iron. 

1  conolude  these  chemical  notices  with  a  second  original  in- 
veetlgation  of  groat  excellence  and  interest  by  Dr  Hope.  It  baa 
been  long  well  known  that,  aa  water  oaols  down  from  a  mean 
temperature,  it  oontraots,  and  consequently  the  cooled  particles 
sink  until  the  theimometer  indicates  about  89°'5  Fahr. ;  that  on 
farther  cooling,  however,  this  general  law  which  regulates  the 
cooling  of  liquids  is  apeet ;  that  tbe  water  then  actually  expands, 
and  consequently  the  cooled  particles  now  rise ;  and  that  thia  ex- 
pansion continues,  till  at  32°  a  mnch  greater  expansion  suddenly 
takes  place,  when  the  water  is  converted  into  ice.  Tbe  contrary 
pljonomena,  of  course,  occur  as  water  heats  from  32°.  It  con- 
tiocts  till  tbe  temperature  rises  to  S9°'5,  and  after  that  expands 
according  to  the  general  law.  But  the  fact  of  tbe  density  of  water 
tjius  deviating  from  tbe  general  law  which  goverus  the  influ- 
eoce  of  heat  on  liquids,  had  been  often  called  in  question  by  high 
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authoritiee  in  obemioal  physics ;  and  among  those  wbo  aclcnow- 
ledged  the  reality  of  the  deviation  there  was  irreconcilable  dis- 
agreement as  to  the  temperature  at  which  id  the  deacending 
scale  the  deviation  begiDH.  Hope  in  1804  settled  both  poiote 
by  a  set  of  admirably  contrived  experiments,  in  which  he  took 
the  temperature  in  various  parte  of  a  long  calnmn  of  water, — at 
the  bottom,  at  the  middle,  and  near  the  BUrface, — cold  or  heat 
being  applied  variably  at  these  several  points  to  produce  the 
necessary  intestine  movements  among  the  particles  of  the  water. 
The  whole  paper  on  this  subject  is  an  admirable  example  of 
experimental  reasoning,  which  definitively  settled,  as  we  now  , 
know  it,  a  great  fact  in  nature's  laws  of  much  practical  value  in  the 
economy  of  this  earth,  relative  to  the  freezing  and  thawing  of 
water,  and  the  influence  of  these  changes  in  its  condition  on  the 
^r,  the  land,  and  animal  life.  This  was  the  second  of  Hope's 
original  researchee,  and  the  laat;  and  again  onr  aetoniRhment  is 
raised  that  it  should  have  been  the  last. 

In  the  highest  walks  of  Uatfaematics  and  Physics,  the  Proceed- 
ingB  of  this  Society  have  always  abounded  with  important  inveeti- 
gationa.  No  one  can  doubt  that  such  most  have  been  the  case 
when  BobiBon,  Flayfair,  Leslie,  Ivory,  and  Wallace  took  a  laige 
share  in  the  Society's  buBinese,  Bnt  this  ia  a  branch  of  my  sub- 
ject to  which  I  cannot  myself  do  full  justice ;  and  time  has  not 
sufficed  for  me  to  complete  my  undertaking  by  asking  aid  from  my 
well-qualified  colleagues,  who,  I  am  sure,  would  have  cheerfully 
granted  me  their  assistance.  The  papers  are  chiefly  researchee  in 
geometry  and  algebra  of  the  most  abstruse  kind.  But  there  are 
two  of  a  different  stamp— on  the  oonfines  between  chemistry  and 
physics — which  may  be  here  shortly  noticed,  as  they  are  the  work 
of  one  whoso  labours  will  call  presently  for  a  larger  share  of  our 
attention.  j 

In  1794  Br  Hutton  commnnicates  a  dissertation  "  On  the  PhiUo- 
BOphy  of  Light,  Heat,  and  Fire."  In  thia  inquiry  he  reasons 
against  the  existence  of  radiant  heat,  apart  from  light,  which  hud 
been  announced  recently  before  as  an  important  disoovery-  b|y 
SauBBure  and  Pictet.  Button  maintained  that  the  real  radiatio^  ' 
is  of  "invisible  light"— light  so  faint  aa  not  to  be  cognisable  bHy 
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our  eenses.  In  the  coarse  of  his  ailment  he  advanceB  the  pro- 
position that  light  is  the  "immediate  oause  of  bnrniDg,"  and  that 
the  light  which  appears  in  combustion  is  "  the  extrication  of  phlo- 
giston,  fixed  light,  or  a  certain  modification  of  the  solar  subetance 
which  had  existed  in  the  infiammable  bodies,  chemically  united 
with  their  elements."  Finally,  be  winds  np  with  tbe  doctrine  that 
"light,  heat,  phlogiston,  and  electricity,  are  so  many  difi'erent 
modifications  of  the  solar  substance."  ConTcrting  these  "suh- 
Btances"  into  qualities  of  matter,  and  striking  out  the  lingering 
remnant  of  phlogiston,  we  have  here  the  modem  doctrine  that 
heat,  light,  and  electricity  are  mere  Tarietiea  of  the  same  quality  of 
matter,  and  that  the  Sun  is  the  primary  source  of  them  all. 

Theother  chemico-physical  paper  is  "  on  the  Force  Exerted  by 
Water  in  Freezing,"  deduced  from  some  experiments  made  in  Canada 
in  1786  by  Major  Williams  of  the  Boyal  Artillery.  He  exposed  to 
intense  frost  a  thirteen- inch  shell  filled  with  water,  and  plngged  by 
an  iron  bolt.  The  metal  of  the  shell  was  about  an  inch  and  a-half 
in  thickness  round  the  fuse-hole,  and  two  inches  and  a  quarter 
opposite  the  hole;  and  the  plug,  which  weighed  two  pounds  and  a 
half,  was  driven  into  the  hole  with  great  force.  At  tbe  moment  of 
freezingthe  plug  was  driven  out  with  such  violence  as  to  be  carried 
325,  387,  and  even  415  feet ;  and  at  the  same  moment  a  column 
of  ice  was  thrust  out  of  the  fuse-hole  oftbe  length  of  four,  six,  and 
even  eight  inches  and  a  half.  If  the  plug,  however,  was  secured  by 
means  of  springs,  like  spiking  nails,  the  shell  was  split,  and  the  ice 
was  thrust  ont  in  plates  from  tbe  fissure. 

From-  its  firat  foundation  the  Royal  Society  of  Edinburgh  has 
been  lavish  in  ite  contributions  to  the  several  departments  of 
Natural  Science.  At  least  forty  papers  were  read  during  the  first 
twenty  years,  and  many  of  them  have  been  published  in  the  Trans- 
actions, on  the  branches  of  Zoology,  Botany,  Topography,  Meteor- 
ology, Mineralogy,  and  Geology. 

In  the  branch  of  Zoology,  howsvei,  there  was  extreme  barren- 
ness at  that  period  in  the  Society.  Mr  Kerr,  in  1790,  notices  an 
"Animal  ignotnm"  in  the  University  Museum ;  and  this  is  all  we 
learn  of  the  animal.  That  astounding  personage,  the  Great  Sea 
Serpent,  makes  his  appearance  onoe  on   our  boards,  nndet  tha 
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patronage  of  Mr  Jobo  B.  L'Amy,  Justice  of  Peace  Tor  Forfarshire, 
in  the  character  of  a  Kr&ken,  three  miles  long,  as  seen  at  the 
Htatutory  distance  of  about  one  mile  b;  a  credible  master- mariner 
and  his  mate,  off  the  east  coast  of  Scotland,  on  6th  August  1786. 
This  is  all  that  the  Society  contribates  before  1803  to  the  science 
of  Zoology. 

Belonging  to  Botany  there  are  only  six  papers,  of  vhioh  five 
poBsesB  interest.  Dr  James  Anderson  of  Madras  describes,  in  1791, 
the  Oldenlandia  umbellata,  from  the  root  of  which  is  obtained  id 
India  a  valuable  red  dye-stuff.  The  Transactiona  for  1785-90 
contain  an  excellent  paper,  with  illuBtrative  drawings,  by  Dr 
Wright,  Physician-General  of  the  Army  in  Jamaica,  on  the 
Queusia  simaruba  of  that  island.  The  root  of  that  apfcies,  now 
the  Simaruba  q^imdii,  was  strongly  recommended  by  bim  as  a 
remedy  for  chronic  dysentery,  and  has  still  great  credit  with  many 
in  the  treatment  of  that  disease.  Sr  Wright  was  the  first  to 
identify  and  accurately  describe  the  tree,  and  did  so  in  this  paper, 
which  was  read  in  1778  in  the  Philosophical  Society,  but  was  first 
published  in  tbe  second  volume  of  the  Boyal  Society  Transactiono. 

In  1791,  Mr  John  Lindsay,  surgeon  in  Jamaica,  communicates 
a  paper  connected  with  the  subject  of  the  last- mentioned  inquiry, 
on  the  Qaasaia  ^lygama  of  Jamaica,  describing  the  plant  aa  a 
magnificent  tree  100  feet  high  and  10  feet  in  girth,  and  re- 
presenting it  to  possess  all  the  virtues  of  Quassia  wood,  the  pro- 
dnce  of  the  Quassia  amara  of  Surinam.  He  adds,  he  is  credibly 
informed  that  tbe  former  is  sold  in  London  for  the  other.  This  is 
a  curious  fact,  as  fixing  the  time  when  the  true  Quassia  wood  of 
tbe  Qtuuaia  amara  of  existing  botanists  was  displaced  in  the  mar- 
kets of  Europe  by  the  wood  of  Lindsay's  tree,  the  modern  Punsna 
excelta,  without  either  druggist  or  physician  having  noticed  any 
difference  in  their  virtues,  or  observed,  until  a  few  years  ago,  that 
the  wood  of  a  great  forest  tree  had  been  substituted  for  that  of  a 
low  bush  about  twelve  feet  in  height.  Different  .views  may  be 
taken  of  this  apparent  blindness  of  the  medical  profession.  For 
my  part,  I  recognise  in  tbe  whole  incident  an  interesting  proof  of 
tbe  resemblance  in  action  on  the  human  body  among  different 
plants  belouging  to  the  same  natural  family.  For  tbe  great  tree 
"if  Jamaica,  like  the  little  bush  of  Surinam,  is  a  powerful,  simply- 
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bitter,  tonic  Btomncbic;  and  I  believe  the  two  may  be  used  in- 
differently for  all  medicinal  purposes.  Hr  Lindsay  is  not  so  foitu- 
'  nate  in  a  notice  be  has  given  in  the  same  paper  of  Cinchona 
hraehyearpa,  a  new  Jesnits'-bark  tree,  and  cure  for  intermittent 
ferer.  This  is  now  known  to  be  no  true  cinchona  at  all,  and  to 
be  immeasniably  behind  the  tme  cinchonas  as  a  febrifuge.  The 
tree  is  now  the  Exoxlemma  brachyearpa  ;  and,  like  all  other  species 
of  Esoetemma,  its  bark  is  more  emetic  than  anything  else  in  point 
of  action — a  property  which,  it  is  fair  to  say,  had  been  recogcised 
in  it  by  Mr  Lindsay  himself. 

Dr  HtittoQ  described  in  1778,*  and  endeavours  to  explain,  a 
phenomenon  of  vegetation  on  Arthur's  Seat,  which  still  remaios  open 
to  further  inquiry.  It  is  well  known  to  those  who  frequent  the 
upper  regions  of  the  hill,  that  on  various  parts  of  the  slope  towards 
the  east  are  to  be  generally  seen  grey  zig-zag  stripes  on  the  grass, 
very  conspicuous  if  the  general  herbage  be  fresh,  almost  always 
tending  downwards,  from  a  foot  to  two  feet  in  width,  continuous 
in  some  places,  but  interrupted  in  others,  and  stretching  for  many 
yards,  occasionally  for  more  than  a  hundred  yards.  On  examining 
these  marks,  the  grass  is  found  to  be  completely  withered  to  the 
roots ;  the  roots  themselves  ue  destroyed ;  and  mjiny  years  elapse 
before  the  vegetation  is  restored.  They  are  most  frequent  and 
well-marked  in  the  hollow  to  the  south  of  the  basaltic  summit, 
descending  to  Dunsappie  Loch,  but  rather  to  the  right  towards 
Duddingston,  and  also  on  the  subsidiary  broad  eminence  north- 
east from  the  summit.  Br  Hutton  tries  various  theories  for  ex- 
plaining these  "  Fairy  footpaths,"  bnt  cannot  satisfy  himself  with 
any  of  them.  Among  the  rest,  he  rejects  lightning;  which,  how- 
ever, I  suspect  is  the  only  agent  which  will  account  for  them. 
Many  years  ago,  when  wandering  over  the  upper  part  of  the  hill  at 
midsummer,  I  remarked  that  these  marks  were  unusually  scanty 
and  imperfect.  A  thunder  storm  brewing  in  the  eontb-west  com- 
pelled me  to  effect  a  hasty  retreat ;  and  was  followed  by  a  very 
severe  storm  which  passed  over  the  hill,  the  city,  and  all  the  sur- 
rounding country.  A  few  days  afterwards  I  found  the  east  slopes 
of  the  hill  presented  many  extensive,  recent-looking  marks  of  the 
nature  now  described. 
■  Tu  tba  rhilusoiibical  Society.    rublisLeJ  iu  Boy.  Soc  Trans,  vol  ii. 
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The  remaining  Botanical  inqniiy  I  have  to  notice  is  one  well 
knovn  to  nataraliats,  and  of  more  general  interest  tban  the  pre- 
ceding. Qreat  donbta  had  been  long  entertained  among  good 
authorities  about  the  nature  of  the  motion  of  the  sap  in  trees.  Dr 
Walker,  Professor  of  Natural  History  in  the  Universit;  of  Edin- 
burgh, undertook  a  series  of  vell-devised  and  precise  experiments 
to  determine  how  the  sap  moves  in  trees  in  the  Gpriog;  and  haying 
with  philosophical  caution  repeated  tbem  in  several  successive 
;ears,  with  the  same  results,  he  communicated  the  whole  inquiry 
to  the  Boyal  Society  in  1783  and  1785.  Ibis  inqniiy  is  stiU  held  to 
be  authoritative  proof,  that  the  movement  of  the  sap  in  trees,  on  the 
arrival  of  genial  weather  in  the  spring,  is  not  a  movement  of  circu- 
lation, by  ascent  and  descent,  as  many  bad  before  contended,  but 
invariably  a  simple  movement  of  ascent;  that  the  sap  ascends 
neither  in  the  pith,  as  some  had  maintained,  nor  in  Ibe  bark,  as 
insisted  on  by  others,  but  in  the  wood,  and  between  the  wood  and 
bark ;  that  the  date  of  its  commencement,  and  its  rate,  both  depend 
on  the  earlinesa  and  geniality  of  the  warm  season ;  that  the  ascent 
varies  in  rate,  from  six  to  nine  inches  daily,  according  to  the  pre- 
vailing temperature  of  the  air ;  and  that  those  buds  always  open 
first  into  leaves  which  the  sap  first  reaches,  so  that  its  arrival  is  the 
eEsential  cause  of  their  growth.  The  author,  however,  points  out 
that  bis  experiments  fix  only  the  nature  of  the  motion  of  the  sap 
in  the  spring,  when  the  tree  has  no  leaves,  and  takes  no  account  of 
what  the  movement  may  be  when  the  leaves  are  developed.  He  is 
inclined,  indeed,  to  presume  that  it  may  then  be  different;  and 
accordingly  ulterior  inquiries  have  shown  that,  when  the  tree  is  in 
leaf,  the  sap  moves  downwards  as  well  as  upwards,  observing  now  a 
circulation. 

In  Meteorology,  if  a  man  be  only  a  good  looker,  he  may  one 
day  become  an  original  observer.  It  is,  therefore,  a  favourite  study 
with  those  fond  of  Natural  Science.  Accordingly,  we  find  upwards 
of  twenty  communications,  and  not  a  few  of  them  veiy  valuable, 
on  the  subject  of  meteorology  in  the  Society's  early  Proceedings. 

Flayfair  in  1784  acutely  investigates  the  causes  which  affect  the 
Kccursoy  of  Barometric  Observations.  In  1790  Dr  Batherfurd 
describes  a  self- registering  thennometer,  by  which  the  maximuin, 


ny  Google 


of  Edinburgh,  Session  1868-69.  411 

and  miaimnm  of  temperatore  ma;  be  oscerUined  betveen  any 
given  periods  of  time ;  aod  this  is  sttU  the  method  UBaally  preferred 
for  ascertaining  the  daily  maxima  and  minima.  In  1795,  Mr 
Alexander  Eeitb,  afterwards  our  benefactor  Sir  Alexander  £eitb 
of  BaTelstone,  deacribee  both  atbermometerand  barometer,  which, 
by  the  application  of  the  somq  kind  of  contrivance  to  each,  may  be 
made  to  register  the  state  of  these  instruments  continually,  with 
the  aid  of  clock-work.  Mr  Hscgowan  contributes  meteorological 
observations  for  six  years,  ending  with  1776,  made  at  Hawkhill, 
near  Lochend,  in  this  neighbourhood ;  the  Dake  of  Bucclenob, 
President  of  the  Society,  contributes  the  observations  of  ten  years, 
ending  with  1783,  made  at  Branxbolme,  his  seat  in  Boxburghsbire; 
and  Playfair  adds  abstracts  of  observations,  made  at  Windmill 
Street,  in  the  city,  for  six  years,  ending  with  1798.  In  1796,  Dr 
Balfour  of  the  Bengal  Medical  Service  reproduces  an  inqniry 
made  a  good  many  years  previonsly,  in  which,  by  regular  half- 
hourly  observations,  he  was  the  first  to  ascertain  that  at  Calcutta, 
near  the  equator,  the  barometer  observes  a  double  diurnal  revolution 
of  about  a  tenth  or  twentieth  of  an  inch,  the  highest  positions 
being  at  ten  in  the  forenoon  and  evening,  and  the  lowest  at  six  in 
the  morning  and  afternoon ;  and  in  1799  Playfair  points  out  that 
this  result  had  been  also  obtained  in  1785  by  independent  observa- 
tions made  near  the  equator  by  Lemanon,  a  naturalist  attached  to 
the  ill-starred  expedition  of  La  Feyronse. 

Mr  Hall  of  Whitehall  describes  a  remarkable  lunar  halo,  con- 
sisting of  a  small  eoncentrio  ring,  of  about  ten  degrees  in  diameter, 
round  the  moon,  and  a  great  ring,  seven  or  eight  times  that 
diameter,  which  passed  through  the  moon,  cutting  the  eoncentrio 
halo  in  two.  Playfair  describes  a  rare  rainbow  which  he  saw  over 
the  sea  from  Dunglass,  consisting  of  a  lofty  perfect  primary  arch, 
almost  a  complete  semicircle,  and  a  secondary  bow  springing  from 
the  south  limb  of  the  other,  and  bending  outwards  in  a  southerly 
direction.  The  Beverend  Dr  Qraham  of  Aherfoyle  notices  an 
Aurora  Borealis  which  he  observed  at  that  place  in  the  day-time  on 
February  10,  1799,  at  half-past  three,  and  states  his  belief  that 
this  was  only  the  second  on  record,  but  conjectures  that  such 
observations  would  not  be  infrequent,  if  frequently  searched  for  in 
the  circumstances  he  describes— viz.,  "when  the  sky,  being. for 
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the  most  port  cloadlesB,  Ib   safTosed   with   thin   pale   vaponn 
especially  in  longitudinal  streaks." 

I  heg  here  to  be  allowed  to  make  a  short  digreaaion.  The 
phenomena  of  the  aurora  borealis  in  this  country  have  often  been 
minutely  desoribed  on  the  occurrence  of  unusnally  fine  displays  of 
it.  Bnt  no  one,  so  far  as  I  am  aware,  has  studied  carefully  ita 
propiostications.  Thoroughly  inquired  into,  however,  these  may 
prove  practically  valuahle,  as  the  following  illustratian  will  serre 
to  show.  Every  one  knows  that  when  the  aurora  first  begins  to 
exhibit  in  the  antnmn  it  is  regarded  as  a  sign  of  broken  weather 
following.  But  at  that  period  of  the  year  it  supplies  a  prognostic 
of  far  greater  precision  and  importance.  I  have  repeatedly  men- 
tioned to  my  friends  the  observation  I  have  invariably  made,  that 
the  first  great  aurora  after  autumn  is  well  advanced,  and  following 
a  long  tract  of  fine  weather,  is  a  sign  of  a  great  sterm  of  ratn  and 
wind  on  the  forenoon  of  the  second  day  afterwards.  I  must  have 
noticed  this  fact  very  early,  because  I  applied  it  on  the  occasion  of 
the  first  meeting  of  the  British  Association  in  Edinburgh  on  8th 
September  1834.  There  had  been  a  long  tract  of  very  fine  weather, 
fur  a  fortnight  and  more,  when  on  Saturday  evening,  the  6th  of  the 
month,  there  appeared  the  widest,  bright^t,  and  most  flashing 
aurora  I  have  ever  seen.  Next  day  the  weather  continuing  remark-* 
ably  fine,  Professor  Sedgewick  described,  at  breakfast  at  Dr  Alison's, 
in  glowing  language,  the  magnificent  exhibition  which  the  philo- 
sophers of  Edinburgh  had  provided  for  their  southern  visitors. 
Presenting  then  to  him  the  dark  side  of  the  picture,  I  told  him 
that  the  Association  meeting  was  to  be  inaugurated  with  a  great 
storm.  He  was  surprised  at  this,  and  appealed  to  the  continuing 
cloudless  sunny  sky  against  me ;  bnt  I  told  him  the  particulars  of 
the  prognoatication,  and  that  the  storm  would  not  begin  till  the 
middle  of  the  following  day.  Next  morning  the  weather  was 
equally  splendid.  But  soon  after  eleven  the  eastern  sky  began  to 
be  overcaat,  an  ominous  low  north-easterly  black  cloud  rose  by 
degrees ;  at  twelve,  as  the  offices  of  the  Association  opened,  rain 
began  to  fall  from  that  direction,  and  in  a  short  time  tbere  com- 
menced the  most  incessant  and  heaviest  fall  of  north-east  rain  I 
ever  witnessed,  lasting  without  intermission  till  one  o'clock  on 
Wednesday  the  lOth,  when  the  fine  weather  was  again  restored  to 
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hb  and  our  vuitore.  I  have  often  made  the  aame  prognostication 
since,  and  with  invariable  accuracy ;  and  several  friends  to  wbom 
I  have  mentioned  it  have  made  the  same  obsetvation— viz.,  that 
the  first  great  aurora  occurring  after  a  long  tract  of  fine  autumnal 
weather,  foretells  a  Btorm  commencing  between  twelve  and  two 
o'clock  in  the  afternoon  of  the  second  day  thereafter.  I  restrict 
the  prognostication  to  these  cooditions.  It  is  evident  how  valuable 
the  knowledge  of  it  may  often  be  to  agricnltarists.  I^evertheleas, 
I  never  met  with  farmer  or  farm-servant  who  knew  it.  On  one 
occasion  it  was  the  means  of  saving  the  corn  crop  of  a  friend  in 
Dumfriesshire,  whose  farm-steward  was  about  to  leave  his  corn 
half  led  on  the  day  after  a  very  great  aurora,  and,  deceived  by  the 
beauty  of  the  weather,  was  on  the  point  of  taking  his  lahonrera  to 
other  work  not  at  all  pressing.  His  master,  trusting  to  my  positive 
assurances,  ordered  him  to  make  haste  in  leading  and  thatching 
everything,  and  great  was  the  steward's  astonishment  when  a 
furious  three  days'  storm  set  in  on  the  forenoon  of  the  second  day. 

In  the  pneumatic  branch  of  meteorology  three  papers  were  pro- 
duced to  the  Society,  in  the  latter  part  of  last  century,  on  topics  of 
great  interest  to  us. 

Mr  Qeorge  Wallace,  a  member  of  the  bar,  read,  in  1787,  "A 
Dissertation  on  the  Causes  of  the  Disagreeableneas  and  Coldness  of 
the  East  Wind  ;  "  but  as  the  notice  in  the  Society's  Frooeedinga 
merely  informs  us  that  "  the  anthor  did  not  incline  that  any 
abstract  should  be  given  of  his  dissertation,"  and  I  cannot  find  that 
it  was  published  elsewhere,  we  are  left  in  ignorance  what  were 
the  discoveries  or  opinions  of  Mr  Wallace  on  this  knotty  question, 
in  which  we  must  all  take  a  lively  personal  interest.  It  may  be 
that  this  gentleman  has  withheld  from  the  world  one  of  the  most 
valuable  practical  discoveries  which  remain  to  be  made  in  meteor- 
ology. It  may  be,  however,  that  he  was  deterred  from  having  any 
notice  taken  of  his  lucubrations  by  learning  certain  views  enter- 
tained of  the  same  subject  by  Sutton ;  who  communicated  them  to 
the  Society  in  an  able  paper  "  On  onr  Temal  and  Autumnal 
UonsooD  Winds,"  in  February  1791, 

In  this  paper  he  points  out  that  winds  are  shirtings  of  the  air, 
occasioned  by  changes  in  its  temperature ;  that  these  changes  arise 
from  the  alternations  of  day  and  nigbt,  the  alternate  croaeing  of  ths 
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equator  b;  tbe  txm  Dortbward  aod  Bonthward,  the  diffsreot  degrees 
in  whicb  tbe  sen  and  land  are  beated  by  tbe  bud'b  rays,  tbe  effect 
or  cloud  in  intemiptiDg  the  beating  action  of  tbe  ran,  and  the 
influence  of  rain  in  cooliug  tbe  air  by  the  evaporation  of  its  drops 
ID  descending  towards  the  earth ;  and  be  argues  that  we  might 
explain  all  tbe  phenomeiiB  of  the  winds,  could  we  thoroughly 
appreciale  in  each  instance  under  investigation  tbe  interference  and 
relative  energy  of  these  and  other  subsidiary  disturbing  forces.  He 
then  illustrates  these  principles  of  inquiry  by  reference  to  oar  East 
winds  in  spring,  and  our  West  winds  in  snmmer  and  autumn.  For 
the  sake  of  brevity,  I  shall  confine  myself  to  tbe  f^mer  topic,  whicb 
ia  investigated  with  Hutton'e  obaracteristio  force  and  simplicity. 
In  spring,  says  be,  easterly  winds  prevail  here,  becanse  the  cold 
wintry  air  of  tbe  polar  regions  is  drawn  southward  over  tbe  wanner 
continent  of  Europe  and  westward  by  the  warmth  of  tbe  GermaD 
Ocean.  For  some  time  after  it  begins  to  blow  in  Marcb  and  April 
it  oocBsions  in  ns  a  cold,  uncomfortable  feeling,  because  it  is 
therm ometrically  cold,  and  also  unduly  dry.  Its  lowneas  of  tem- 
perature, compared  with  the  west  wind,  which  occasionally  inter* 
rupts  it  for  a  short  period  at  this  season,  no  one  can  dispute ;  and 
Hutton  bad  frequently  remarked  a  thermometric  diS'erence  of 
10°  F.  in  favour  of  the  interpolated  west  wind.  The  cold 
feeling  thus  occasioned  is  aggravated,  he  says,  by  tbe  warmth 
created  by  the  sou's  rays  in  sheltered  places  ;  but,  in  particular,  it 
is  increased  by  the  withering  dryness  of  tbe  wind, — for  the  common 
notion  that  an  east  wind  is  a  damp  wind  is  quite  a  mistake. 
During  a  long  period  of  tbe  spring  it  is  a  dry,  parching  wind,  on 
that  acconnt  alike  disagreeable  to  the  human  race  and  blighting  to 
vegetation.  He  tells  us  quaintly  that  he  "never  had  abygrometerj" 
but  be  improvised  one,  being  nothing  else  than  a  somewhat  ruda 
wet-bulb  thermometer,  sucb  as  is  now  in  constant  use  in  a  more 
perfect  form ;  and  be  tells  ns  that  in  the  east  winds  of  early 
spring  be  sometimes  found  a  difference  of  10°  F.  between  tbe 
wet  and  dry  thermometers,  wbile  he  never  could  observe  a  dif- 
ference of  more  than  4^  F.  in  tbe  driest  days  of  summer.  In  tbe 
month  of  May,  however,  a  change  takes  place  in  the  character  of 
tbe  east  wind.  Still  dominant,  it  enconnters  in  ita  passage  across 
the  German  Ocean  a  more  and  more  powerful  sun,  which,  both 
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raiaeB  the  temper&ture  of  the  air  as  U  approaches  this  ulaDd,  and, 
bj  warming  the  sea,  raises  watery  vapour  to  moiBten  the  lower 
stratum  of  air.  Hence  the  May  east  wiod  arrives  both  warmer  aod 
less  dry.  It  is  now  tberefore  for  the  most  part  much  less  unpleasaat 
to  the  feeling  than  in  March  and  April.  Towards  evening,  how- 
over,  as  the  Bun's  rays  fail  in  force,  the  air,  coolingdown,  parts  with 
moisture  to  form  mist,  which  creeps  up  our  Firth,  spreads  over  the 
neigbbouring  land,  prevails  all  night,  and  lasts  into  the  next  fore- 
noon, till  it  ranisbes  under  the  renewal  of  the  beat  of  the  air  from 
the  sun's  rays.  During  the  misty  time  the  uncomfortablo  impres- 
sion on  the  human  frame  is  renewed  in  spite  of  the  air  being  now 
moist,  partly  because  the  temperature  is  lowered,  partly  because 
mist — being  a  form  of  water  in  the  liquid  state — is  a  more  powerful 
conductor  of  heat  from  the  body  than  the  same  water  dissolved  in 
the  air  as  gas.  Accordingly,  as  the  mist  is  dispelled  with  the 
advance  of  day,  the  sense  of  discomfort  vanishes,  because  the  air 
is  warmer,  and  is  loaded  merely  with  perfectly  dissolved  aeriform 
moisture.  It  is  remarkable,  he  adds,  that  the  nnpleasant  influence 
of  these  east  winds  on  man  do  not  then  correspond  with  their 
influence  on  vegetation.  In  March  and  April  the  cold,  dry  east 
,  winds  wither  up  and  destroy  leaves  prematurely  unfolded.  Later  in 
the  season  an  east  wind,  equally  cold,  but  loaded  with  moisture, 
does  them  no  harm,  because  it  loses  its  parching,  withering  property. 
This  important  difi'ereDce  every  careful  observer  must  have  noticed. 
In  the  case  of  the  animal  frame,  however,  the  mere  cold  of  an 
easterly  mist  is  adequate  to  cause  discomfort,  and  injury  to  the 
health.  Thns  Huttoa  maintains  that  alt  the  disagreeablenesa  and 
injury  occasioned  by  our  east  winds,  both  in  spring  and  in  early 
summer,  may  be  adequately  explained  by  reference  simply  to  their 
condition  iu  point  of  temperature  and  humidity,  without  our 
requiring  to  take  account  of  any  other  agency,  hidden  and  mysterious 
in  its  nature  and  operation.  I  have  dwelt  a  little  on  these  slmplo, 
yet  profound,  views  of  Hutton,  because,  like  other  inquiries  of 
his,  they  have  been  too  much  lost  sight  of  in  our  time,  and  they 
may  help  to  clear  up  and  satisfy  many  minds  which  have  been 
hitherto  much  obfuscated  and  discontent  in  respect  of  the  present 
matter. 
Hutlon  appears  never  to  have  had  an  opportunity  of  studying 
VOL.  VI.  3a, 


416  Proceedinge  of  the  Soyal  Soctetj/ 

hurricanes.  If  be  hod,  it  is  not  too  mncli  to  Bay  tbat  bis  proround 
penetration  into  Natnie's  laws  wonld  Boarcely  have  failed  to  recog- 
nise those  which  goyem  the  mightiest  of  atmoBpherioal  moTements. 
It  iB  not  likely,  for  example,  tbat  he  vould  have  left  in  a  state  of 
dry  detail  of  bare  facta  the  luminous  description  by  Sir  Qilbert 
Blane,  communicated  to  the  Society  in  1785,  of  the  terrible 
hurricBDe  at  Barbadoes  in  1780 ; — adesciiption  containing  incidents 
whicti  nothing  but  the  modem  theory  of  cyclones  can  explain,  and 
which,  duly  considered,  might  have  led  so  acute  a  mind  as  that  of 
Hutton  to  the  right  solution,  even  at  tbat  early  period.  This  storm 
lasted  the  greater  part  of  two  days,  and  raged  with  unexampled 
fury  for  twelve  hours,  destroying  the  fort  at  Bridgeton,  levelling  an 
immense  number  of  houses,  laying  waste  the  whole  crops  of  the 
island,  and  occaeioning  the  sudden  death  of  at  least  3003  inhabi- 
tants. Notwithstanding,  however,  its  nncommon  swiftness,  people 
were  surprised  at  the  comparative  slowness  with  which  it  passed  from 
island  to  island.  They  evidently  confounded  the  impetuous  whirl- 
wind within  the  cyclone  itself  with  the  slower  progress  made  by  the 
whole  cyclone  from  place  to  place.  Ships  at  sea,  adds  Sir  Gilbert, 
found  that  the  storm  blew  from  all  points  of  the  compass;  a 
phenomenon  explicable  only  by  the  theory  of  the  cyclone.  The 
fate  of  one  vessel  is  particularly  mentioned  as  unaccountable; 
for  being  blown  from  her  anchorage  in  Carlisle  Bay,  and  losing 
all  her  compasses,  she  was  driven  before  the  blast,  as  her  crew 
supposed,  to  a  distance  of  at  least  a  hundred  leagues  in  two 
days,  when,  to  their  astonishment,  they  found  themselves  very 
near  the  place  from  which  they  set  out.  There  was  enough  in 
these  striking  facts  to  direct  an  acute  and  inquiring  mind  to  a 
true  theory  of  hurricanes,  as  now  viewed  by  meteorologists. 

In  the  department  of  Thermometric  Meteorology,  Mr  Hall  of 
Whitehall  records  a  precise  fact  as  to  the  great  cold  of  the 
winter  of  1795,  having  observed  the  thermometer  so  low  as  —6°  F. 
on  the  '22d  of  January  in  that  year.  In  order  to  appreciate  duly 
the  great  intensity  of  this  oold  for  a  Scottish  locality,  it  is  neces- 
sary to  know  that  the  station  where  the  observation  was  mads 
is  ten  miles  from  the  sea  at  Berwick,  on  the  north  hank  of  the 
Whittadder,  oertdnly  not  more  than  150  feet  above  high-water 
level.    About  this  time  the  winten  in  Scotland  were  very  bard. 
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In  1761  Professor  Wilson  obsetred  in  the  Obseiratory  Park  at  Glas- 
gow a  cold  of  — 4°  Ffthr.,  and  in  1780  actually  one  of  — 14°  Fahr. 

Sr  Guthrie,  one  of  many  Scottiah  physicians  of  the  time  who 
settled  in  Bassia,  descriheH  iu  a  diBsertation  read  to  the  Society  in 
17S9  a  remarkable  phenomecon  he  had  obaerved  in  the  thawing  of 
thick  ice.  When  ice  on  the  river  Neva  had  been  reduced  by  thaw 
to  two-thirds  of  its  thickoess,  it  became  so  brittle  as  not  to  bear 
even  the  weight  of  a  dog,  thongh  still  eighteen  inches  thick.  The 
caiue  he  discovered  to  be  that  the  ice  is  then  composed  of  solid 
cryatals  "  like  organ-pipes,"  about  eighteen  inches  long,  aod  with 
scarcely  any  cohesion  among  themselves.  This  appears  a  strnctuie 
somewhat  analogous  on  the  large  scale  to  the  loss  of  oobesiveness 
among  the  minnte  particles  of  ice,  which  gives  occasion  to  tlie 
downw^  descent  of  glaciers. 

The  only  original  inquiry  in  Thermometric  Meteorology  produced 
to  the  Royal  Society  of  Edinburgh  iu  its  early  life,  is  one  of  great 
importance  in  a  scientific  respect,  as  well  as  practically  by  reason 
of  ita  bearings  ou  atmospherical  thermometric  observations.  This 
■s  the  dissertation  well  known  to  learned  meteorologists,  but  lost 
sight  of  by  too  many  others,  of  Patrick  Wilson,  Professor  of 
Astronomy  in  Glasgow,  "  On  a  remarkable  cold  which  accompanies 
the  separation  of  hoar-fiost  in  a  clear  aii."  This  inquiry,  read  in 
1784,  and  carried  on  during  several  previous  winters,  in  continua- 
tion of  researches  of  the  same  kind  communicated  to  the  Boyal 
Society  of  London  in  1780  and  1781,  ia  the  germ  which  ultimately 
produced  in  the  hands  of  Dr  Wells  the  true  theory  of  the  formation 
of  dew  and  boar-frost;  and  the  author  approaches  so  near  that 
theory  as  to  create  regret  that,  having  stepped  on  the  right  path, 
he  had  not  the  luck  to  follow  it  to  the  end.  Wilson  was  the  first 
to  observe  the  difference  in  clear  frosty  weather  between  the 
temperature  of  snow,  hoar-frost,  sand,  and  many  other  objects,  and 
the  temperature  of  the  atmosphere  a  few  feet  above.  He  frequently 
observed  a  difference  of  4°,  8°,  12°,  and  even  on  one  occasion  16° 
of  greater  cold  on  the  surface  of  snow,  than  in  the  air  four  feet,  or 
even  only  two  feet  and  a  half  above  it.  He  also  noticed  that  this 
difference  is  always  attended  with  an  increase  of  weight  from  the 
deposition  of  hoar-frost ;  that  the  difference  is  always  greatest  when 
the  atmosphere  b  clearest  and  stillest ;  that  wind,  even  in  clear 
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weatber,  annihiUtea  the  difference ;  and  that  such  is  aUo  the  effect 
of  the  atmoephsre  becoming  hazy,  or  the  sky  orercast  with  clouds. 
Wilson  laboured  to  account  for  all  these  variable  phenomena  on  the 
assumption  that  tbe  deposition  of  hoar-frost  occaBioned  the  cold. 
But  it  is  easy  to  aee  that,  in  epite  of  some  ingenious  auggeations 
upon  that  baais,  he  did  not  succeed  in  satisfying  entirely  his  own 
mind.  Had  be  begun  with  the  converse  assumption,  that  cold  was 
the  cause  of  deposition  of  hoai-frost,  he  would  probably  have  antici- 
pated more  modern  discovery.  He  was  indeed  very  near  doing  so. 
For,  speaking  of  tbe  influence  of  a  passing  cloud  in  putting  an  end 
to  the  formation  of  boar-frost  and  depression  of  the  thermometer, 
he  uses  these  words,  "  When  the  atmosphere  becomes  suddenly 
clouded,  it  is  certain  that  this  change  must  be  attended  with  the 
extrication  of  much ' sensible  heat  in  the  higher  regions,  wheie 
these  vapours  are  congregated.  A  store  of  beat  so  produced  must 
soon  affect  the  mass  of  air  which  lies  below."  But  how?  he  miglt 
have  asked  himself.  Not  surety  by  tbe  piocees  of  conduction,  be- 
oanse  heated  air  rises;  it  does  not  sink.  Not,  then,  by  the  proceis 
of  conduction,  but  by  that  of  radiation,  which,  instantly  darting 
heat  from  the  clouds,  replaces  the  loss  which  in  clear  weather  is 
sustained  by  snow  and  other  objects  on  the  surface  of  tbe  earth 
through  radiation  of  heat  from  them  into  the  cold  attenuated  atmo- 
sphere of  the  far  firmament.  Unfortunately,  however,  the  theory 
of  radiant  heat  was  too  little  advanced  to  suggest  to  him  this  ex- 
planation,— obvious  and  easy  after  the  discoveries  of  Pictet  iu 
1790,  and  tbe  admirable  researches  of  Leslie  fourteen  years  later. 

No  one  could  investigate  carefully  the  theory  of  the  winds  with- 
out having  bis  attention  directed  to  the  Theory  of  Bain;  and,  ac- 
cordingly this  is  one  of  the  branches  of  meteorology  which  Hutton 
was  tbe  first  to  investigate  successfully.  This  he  did  in  a  disserta- 
tion read  in  1784  and  enforced  in  1787,  in  reply  to  adverse  criti- 
oisniB  by  the  philosopher  De  Luo.  The  power  which  the  atmosphere 
possesses  of  dissolving  or  suspending  moisture  in  invisible  vapour 
as  transparent  as  the  air  increases  with  the  temperature.  Hntton's 
discovery  was  tbe  proof,  by  mathematical  demonstration,  that  rain 
or  mist  could  not  be  formed  when  two  masses  of  air  of  differeot 
temperatures  are  mingled,  unless  the  power  to  dissolve  moistur« 
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iiiGTeosed  in  a  greater  ntio  tban  the  increase  of  temperature. 
Hutton's  mathematical  deductioD  has  been  since  pioved  experi- ' 
mentally  to  be  true.  As  the  solvent  power  of  atmospheric  air 
increases  in  a  greater  ratio  than  that  at  which  the  temperature 
riaes,  when  two  masses  of  transparent  air  of  different  temperatures 
are  mixed  together,  more  moisture  is  present  than  suffices  to  satu- 
rate the  mixed  air  at  the  iDtermediate  temperature  which  is  pro- 
duced; and  hencfl  the  excess  must  separate  in  the  form  of  either 
mist,  if  the  excess  be  slight,  or  rain,  if  the  excess  he  considerahie. 

In  the  topographical  branch  of  Natural  History  the  early  Fro- 
ceedings  of  the  Society  present  several  papers  which  mast  hare 
possessed  at  the  time  much  interest,  such  as  an  account  of  the 
Caves  of  Elephanta  by  Dr  Buchanan,  of  Prince  of  Wales'  Island 
by  Mr  Howison,  of  the  Trinidad  Petroleum  Lakes  by  Mr  Locbead, 
and  of  the  Natural  History  of  G-uiana,  and  of  Madeira,  by  the  same 
gentleman.  But  these  narratives  have  been  rendered  obsolete  by 
more  elaborate  descriptions  published  since. 

It  remains  for  me,  under  the  bead  of  the  Natural  Sciences,  to 
take  notice  of  the  early  labours  of  the  Boyal  Society  in  Mineralogy 
and  Greology.  In  this  department  the  Society,  during  the  first 
twenty  years  of  its  life,  shone  with  a  brilliancy  unsurpassed  by  any 
of  the  scientific  academies  of  Europe ;  for  during  that  time  were 
produced  Button's  Theory  of  the  Earth,  and  the  illustrative  ex- 
periments of  Sir  James  Hall. 

The  Society's  papers  on  Mineralogy  and  Geology  are  eleven  in 
number,  but  of  three  of  them  tbo  Proceedings  contain  not  even  an 
abstract. 

Colonel  Imray,  in  a  well-told  description  of  the  "  Mineralogy  of 
Gibraltar"  in  1797,  corrects  some  prevailing  errors  as  to  the  species, 
composition,  and  geological  position  of  the  famous  deposit  of  bones 
in  various  parts  of  the  Bock,  and  is,  I  believe,  the  fijst  to  point 
out  that  the  hill  must  have  been  at  one  time  for  a  long  period 
covered  by  the  sea  to  the  height  of  at  least  900  feet,  as  he  found  at 
that  elevation  numerous  "  pot-holes/'  formed  by  trituration  under 
water  with  shingle-stones  kept  in  motion  by  currents. 
,    Dr  Bicbardson,  in  1803,  describes  three  remarkable  basalts  which 
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he  found  on  the  coast  of  Antrim,  not  far  from  Forirush :  one  an 
ocbrouB  basalt,  apparently  undergoiog  decomposition ;  another  con- 
taining fossil  sbelU,  but  a  dubions  basalt;  and  a  tbird  containing 
bladdere  of  compressed  liquid.  "  This  basalt,"  he  says,  "  contains 
small  cavities  in  its  interior,  many  of  them  full  of  fresh  water, 
which  gusfaee  oat  when  the  stone  is  broken  by  the  hammer,  as  if  it 
had  been  in  ^  state  of  compression."  Here  we  have,  I  apprehend, 
one  of  the  earliest  notices  of  the  presence  of  liquids  in  the  interior 
of  perfectly  solid  minerals. 

In  1791  Dr  Hutton  explains  the  cause  of  the  fiezibility  of  the 
Brazilian  stone,  or  flexible  sandstone.  "  When  a  atone,"  ssys  be, 
"  of  any  considerable  thickness  is  said  to  have  flexibility,  we  are 
led  to  think  that  hero  is  something  very  extraordinary,  and  we 
wish  to  know  npon  what  depends  that  quality,  nowise  proper  to  a 
stone."  Accordingly  he  set  about  inquiring,  and,  after  being  for 
some  time  much  puzzled  with  bis  problem,  be  considera  that  the  pro- 
perty is  owing  to  a  certain  stmcture,  rect^isable  only  with  the  aid 
of  the  microscope,  con8titat«d  by  minute  particles  of  thin  mica 
thickly  disseminated  through  the  moss,  and  always  parallel  ta  one 
another,  by  which  a  certain  jointed  character  is  given  to  the  stone. 

The  Bev.  Ur  Christopher  Tait,  minister  of  Kincardine  on  Forth, 
lias  delineated  with  much  care  the  condition  in  1792  of  the  great 
Flanders  and  Kincardine  mosses  in  Stirlingshire  and  the  adjacent 
eastward  coasts  of  the  Firth.  Extending  on  both  sides  of  the  Firth, 
from  the  line  of  Emcardine  westward  as  far  up  the  Carse  of  Stir* 
ling  as  CardrosB,  the  unredeemed  desert  of  peat  covered  in  1770  a 
territory  22  miles  long,  between  three-fourths  of  a  mile  and 
seven  miles  wide,  and  not  less  probably  than  80,000  acres,  assum- 
ing aa  average  width  of  two  miles,  which  I  take  to  be  vritbin  the 
mark.  He  describes  the  composition  of  the  moss,  notices  an  ancient 
corduroy  road  through  part  of  it,  shows  that  at  one  time  its  place 
must  have  been  occupied  by  a  forest  of  great  trees,  proves  that 
these  had  been  mostly  cut,  probably  by  the  early  Boman  iDvaders, 
in  order  to  destroy  a  retreat  and  place  of  assembly  for  their  native 
enemies,  and  gives  a  good  succinct  account  of  the  famous  design 
of  Lord  Eames,  which  bad  been  in  successful  operation  during 
twenty-two  years,  for  clearing  away  the  peat,  uncovering  the  under- 
lying soil,  and  converting  the  moss  into  agricaliural  fields.   I  wish 
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I  could  stftte  ID  contrast,  whick  mnat  be  very  grett  indeed,  tlie 
present  condition  of  that  territory  after  aeveDty-Biz  years  more  of 
enterprise.  My  limited  time  bas  not  aufficed  to  aacertain  this  point. 
I  do  Dot  kDOW  at  how  early  a  period  we  posseBs  a  scientific  record 
of  the  Comiie  earthquakes ;  but  there  ie  a  precise  one  by  Mr  Ralpli 
Taylor  iu  the  Society's  TraDsactiona,  read  Id  1790,  with  additions 
in  1793,  describing  several  Tisitations,  but  espeaially  one  in  1789, 
during  market- day  on  10th  November,  which  made  the  earthen- 
ware Tessels  clatter  io  the  market-place,  terrified  horses,  and  caused 
the  people  to  think  the  surrounding  mountains  were  falling  od 

Id  Ifarcb  1785  Dr  Hutton  commeDoed  the  reading  oi  his  ttedty 
of  the  earth,  nader  the  title  of  "  InveatigatioD  of  the  Lavs  obBerr- 
able  in  the  CompositioD,  Dissolution,  aod  Bestoratioa  of  Laad 
upon  the  Gltohe."  The  HuttoDian  theory  may  be  shortly  stated  as 
follows : — 

Providence,  for  the  wise  purpose  of  preserving  and  maintaining 
the  excellence  of  its  works,  has  ordained  that  all  creation,  so  far  as 
we  can  study  it,  shall  be  subject  to  alternate  deoay  and  renovation 
arising  ont  of  that  decay.  For  this  purpose  are  provided  suitable 
materials  and  the  necessary  forces.  The  earth  itself  is  not  ex- 
cepted. Its  present  stage  of  decay  is  obvious  to  all  eyes  on  survey- 
iog  its  surface ;  a  prior  renovation  is  ahnost  equally  obvious  on 
examining  into  its  crust;  and  a  decay  antecedeot  to  that  leDova- 
tion  is  abundantly  evident  on  careful  inquiry  in  the  same  quarter. 

Under  the  force  of  the  waves,  currents,  and  alternate  flow  and 
ebb  of  the  sea,  we  may  observe  that  the  waters  are  gradually  steal- 
ing upon  the  land,  sweeping  into  tbeir  depths  the  waste  so  oc- 
casioned ;  but  much  more  under  the  action  of  alternate  frost  and 
tliaw,  rains  and  winds,  rivers  and  floods,  earthquakes  and  other 
forces,  we  may  behold  a  never-ceasing  wear,  slow  indeed,  but  con- 
tinual  and  universal,  going  on  over  the  surface  of  the  dry  land ; 
the  result  being  that  the  waste,  along  with  that  of  animal  and 
vegetable  forms,  is  constantly  carried  by  the  rivers  into  the  ocean. 
In  the  depths  of  the  ocean  the  waste  settles  down  in  stillness ;  and 
we  may  safely  assume  that  it  settles  id  the  shape  of  layers,  varying 
ia  nature  and  kind,  in  different  ages  and  at  different  places,  with 
the  prevailing  soil,  rocks,  and  vegetable  and  animal  remoiuB  from 
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wlioM  wear  upon  land  tho  waste  has  been  derived.    So  much  we 
may  discover  from  what  is  now  going  on  before  onr  eyes. 

If  we  next  aaanme  that  at  some  former  epoch  a  similar  waste 
had  been  carried  on,  so  long  and  so  far  that  the  earth  became  less 
and  less  suitable  for  the  maintenance  of  vegetable  and  animal  life  ' 
on  its  surface,  we  then  find  that  a  provision  exists  for  renovation 
of  that  surface  to  its  pristine  condition  through  the  agency  of  sub- 
terranean fire.  This  power,  of  whose  existence  in  tremendous 
energy  we  have  sensible  proof  in  many  regions  of  the  globe,  Lad 
only  to  approach  the  suhaqueons  beds  of  waste  matter  in  order  to 
fuse  them ;  and  then,  with  a  little  accnmulation  of  force,  to  raise 
them  high  out  of  the  ocean  from  its  bosom,  and  even  to  bnrst 
through  tbem,  driving  far  upwards  into  light  and  air  immense 
niBBses  of  fnsed  materials,  long  pent  np  in  that  state  deep  in  the 
interior  of  the  earth. 

In  conformity  with  this  theory,  we  should  find  in  the  present 
dry  land  the  stratiform  portion  of  the  earth's  crust  presenting  in 
its  deepest  beds  a  crystalliform  structure  corresponding  with  the 
laws  which  govern  concretion  from  a  state  of  perfect  fluidity  under 
very  slow  cooling.  Ou  approaching  the  present  actual  surface 
from  these  deep  beds,  we  ought  t«  find  in  the  superimposed  beds 
rucks  presenting  signs  of  agglutination  merely,  from  softeoing 
rather  than  downright  fusion.  Close  to  the  present  surface  we 
should  remark  perhaps  little  more  than  that  amount  of  loose 
cohesion  among  the  particles  composingthe  rocky  beds,  which  may 
be  fairly  ascribed  to  mere  compression  sustained  while  the  beds  lay 
under  an  enormous  mass  of  superincumbent  sea.  We  ought  also 
to  remark,  that  the  remains  of  animals  and  vegetables  are  most  dis- 
tinct and  least  altered  by  heat  from  below  in  the  uppermost  layers 
of  the  stratiform  rocks,  less  and  less  so  as  we  descend,  and  at  length 
unrecognisable  in  the  deepest,  most  perfectly  fused  beds, — not  be- 
Ciuse  vegetable  and  animal  remains  were  not  there  deposited  along 
with  the  earth's  waste,  but  simply  because  their  form  was  entirely 
destroyed,  and  their  substance  completely  incorporated  through 
perfect  fusion  with  the  matter  in  which  they  lay.  If  cavities  be 
formed  from  any  cause  in  the  beds  of  consolidated  rocks,  we  shonbl 
expect  to  find  in  the  deep,  highly  fused  beds,  but  not  in  those  of 
stony  matter  agglutinated  by  mere  softening,  that  these  oavititia 

,  ,,  Google 


of  Edinburgh,  Session  1867-68.  423 

are  lineJ  nith  crystals  in  point  of  composition  much  Himpler  tlmn 
the  matrix,  or  even  consisting  of  n  single  element  only,  and  yet 
deriving  tbelr  in^edient  or  iugredients  from  tbe  matrix — Bach 
heing  a  law  generally  of  crystallisation  from  composite  mixtnies  in 
a  state  of  fusion  or  of  solution.  We  ehonld  moreover  expect  to  End 
where  the  melted  matter  itself  of  subterranean  £re  baa  burst  np- 
wards  tbrongb  the  stratiform  rocks,  that  it  carried  broken  masses  of 
these  rocks  along  with  it,  and  on  cooling  showed  them  included  in 
the  invading  and  now  concreted  liquid.  We  should  sea  the  dift- 
mpting  liqnid  mass  diffasmg  itself  id  veins  in  every  direction 
through  the  shattered  beds,  and  even  insinuating  itself  between 
the  beds,  separating  them  from  each  other,  and  now  itself  forming 
beds  betwixt  them.  We  might  also  expect  to  see  in  the  huge 
mosaea  of  snbterraneons  matter  which  had  been  thrown  np  in  a 
melted  state,  that,  by  virtue  of  their  perfect  fusion  and  very  slow 
cooling,  they  now  present  us  with  the  most  crystalline  textnre  of 
all  rocks,  show  even  a  separation  into  crystalline  bodies  totally  dif- 
ferent from  one  another  in  composition,  and  display,  in  accidental 
cavities  in  their  interior,  lining  crystals  of  the  most  perfect  form, 
and  of  the  simplest  materials  which  the  matrix  of  rock  can  yield. 

N^ow,  all  the  phenomena  thus  described,  as  it  were  by  anticipa- 
tion, we  do  aotnally  witness  on  examining  carefully  the  several 
rocky  beds  and  masses  which  form  the  present  crust  of  our  earth. 
Therefore  there  can  be  no  doubt  that  this  ciust  has  been  formed 
from  the  cmmbling  of  a  more  uicient  dry  land,  deposited  in  the 
sea,  and  afterwards  fused  and  raised  above  the  sea  by  the  agency  of 
Bubtemnean  fire. 

Snob  is  in  brief  terms  a  summary  of  the  main  points  and  proofs 
of  Hntton'a  theory,  beautifully  but  tersely  set  forth  in  his  own 
dissertation  in  our  Transactionfl.  I  might  have  taken  this  snm- 
maiy  from  the  admirable  extension  and  illumination  of  the  theory 
in  the  claasical  work  of  his  pupil  and  friend,  Professor  Flayfair, 
*■  The  liluatiatioDe  of  the  Huttonian  Theory  of  tiie  Earth ; "  but  I 
have  preferred  to  use  for  the  purpose  Hntton's  own  exposition, 
because,  though  he  has  often  been  called  obscure,  I  cannot  find 
obeciirify  anywhere  when  he  is  read  with  the  light  of  details  since 
acqnired  to  science,  and  probably  not  altogether  unknown  to  htm, 
notwithstanding  that  for  brevity's  sake  he  has  not  put  them  foiwaid. 
VOL.  VI.  8 1 
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Two  eubjects  of  reflection  have  been  forcibly  bronglit  before  me 
in  lately  renewing,  after  t,  long  tnterral  of  time,  my  acqutunt- 
ance  with  Hiitton'a  own  treatise.  Firstly,  Though  he  was  cnUivat- 
ing  a  field  of  inqniry  almost  entirely  new,  and  developing  a  vast 
multitude  of  nsw  argumentative  facta  and  views,  there  is  scarcely 
a  proposition  mode  from  first  to  last  to  which  a  wetl-instmcteil 
modem  geologist  may  not  give  his  assent.  Secondly,  In  his  eesay 
of  uinety-fiix  quarto  pages,  be  has  given  his  snccessors  in  all 
branches  of  Bcience  a  remarkable  lesson — a  most  luminoos  narra- 
tive on  a  most  novel  subject,  without  coining  a  single  new  term, 
or  quitting  plain  English  words,  unless  in  the  case  of  a  very  few 
Glermaa  names  for  tocks  previously  in  universal  uae  among 
geologists.  Much  of  the  repulsiveness  of  many  bianchee  of  science 
to  the  general  student  of  the  present  time  is  no  doubt  owing  to  the 
apparent  necessity  of  a  recondite  and  mysteriong  nomenclature. 
Hutton  has  shown  that  the  most  novel  and  piofonnd  inquiries  may 
be  propounded  with  preoision,  in  his  day  at  any  rate,  without  such 
'  aid. 

Tlie  Huttonian  theory,  though  welcomed  by  many  able  pro- 
selytes, likewise  encountered  not  a  few  equally  able  adversaries. 
These  belonged  chiefly  to  the  followen  of  Werner,  or  Neptun- 
ians,  who  recognised  nothing  but  the  force  of  water  in  all  tl>e 
apparent  revolutions  on  the  earth's  surface.  The  controveny 
against  Huttonianism  was  for  several  years  carried  on  at  the 
meetings  of  this  Society  with  great  talent  and  energy  under  the 
ieadorship  of  Professor  Jameson,  a  favourite  pupil  of  "Werner  him- 
self, and  the  greatest  adherent  ever  gained  to  the  side  of  that 
philosopher.  Huttonianism  nay  therefco-e  be  truly  stud  to  have 
attained  its  highest  triumph  when,  in  the  apartment  where  we  are 
now  met,  Jameson,  not  many  years  before  his  death,  as  some  of  us 
must  well  remember,  publicly  renounced  the  creed  be  had  taught 
for  half  a  century,  and  paid  an  uncompromising  tribute  to  the  truth 
and  profoundness  of  the  Huttonian  theory  of  the  earth. 

While  Hutton's  theory  was  undergoing  probation  in  its  early 
days,  some  rather  troublesome  objections  were  brought  against  it 
by  its  ingenious  adversaries.  Among  these  may  be  here  mentioned 
,  two,  and  two  only,  because  they  directly  gave  birth  to  certain  able 
experimental  researches  by  Sir  James  Hall,  who  became  oui  second 
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President,  about  twenty  years  later,  on  the  death  of  Henry  Duke 
of  BuGclench,  in  1811.  It  was  objected  that  many  of  the  rockp, 
whose  stiuctare  was  ascribed  to  fusion  by  Hutton,  become,  on  cool- 
ing from  fusion,  a  slag  or  a  g^ass,  and  cannot  artenrards  recover 
their  crystalline  textuie.  It  was  also  objected  that  carbonate  of 
lime,  which  constitntes  a  large  proportion  of  the  stratiform  beds  in 
the  cnut  of  the  earth,  cannot  be  fused,  because,  long  before  the 
heat  is  raised  high  enough,  it  parts  with  its  carbonic  acid  and 
becomes  lime,  which  proTea  refractory  under  the  most  intense 
artificial  heat  which  can  be  applied.  Hutton's  answer  was  that 
Natore's  operations  In  this  matter  are  carried  on  upon  a  vast  scale, 
with  unlimited  heat,  and  under  enormous  pressure — three  oondi- 
tioua  wholly  unlike  those  In  which  all  experimental  imitations 
must  be  attempted.  Hutton,  in  his  Dissertation  seems  to  have 
anticipated  these  objections.  But  though  a  skilful  and  inven- 
tive chemist,  he  did  not  venture  to  meet  them  by  ezperimentul 
evidence.  He  even  threw  discouiagement  over  the  proposals  of 
his  enthusiastic  disciples  to  find  a  reply  by  daring  to  drag  Kature 
into  their  laboratories.  "Whatl"  said  he,  in  a  different  essay, 
"judge  of  the  great  operatluns  of  the  mineral  kingdom  from 
having  kindled  a  fire  and  looked  Into  the  bottom  of  a  little 
crucible  I" 

Sir  James  HtiU,  however,  resolved  not  to  be  thus  discouraged. 
Such  was  his  veneration  for  his  friend  and  teacher,  that  he  tells  us 
be  would  not  execute  his  plan  during  the  lifetime  of  Hutton.  But 
after  Hutton's  death  Hall  kindled  his  fiie,  and  lopked  Into  his 
little  crucible;  when  behold]  Nature  at  work  there,  exactly  as  in 
the  vast  profound. 

In  a  paper  on  granite,  read  to  the  Society  in  1790,  he  pointed 
out,  that,  although  the  quartz,  felspar,  and  mica,  which  make  up 
that  rock,  -are  fused  into  glass  by  artificial  heat,  there  is  no  reason 
why,  nnder  slow  cooling,  the  crystals  of  felspar,  quartz,  and  mica 
should  not  separate  and  crystallise  apart,  in  the  same  way  as  the 
crystalline  particles  of  salt  and  ice  separate  in  the  freezing  of  sea- 
water,  or  like  the  crystolllBation  which  renders  transparent  glass  on 
opaque,  rock-like  body,  when  from  a  state  of  fusion  it  is  made  to 
consolidate  very  slowly  by  gradual  cooling. 

Sir  James  tells  us  afterwords  that,  at  the  time  this  paper  was 
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read,  undeterred  by  the  tannls  of  his  Mend,  he  determined  to  sabject 
tbeae  opinions  to  the  teat  of  experiment.  The  isane  was  bis  eesay 
in  1798,  entitled  "  Experimente  on  Whinstsne  and  Lava."  He 
first  by  fusion  and  quick  cooling  obtained  a  black  vitreoua  mass 
from  basalt,  greenstone,  porphyry,  and  greywaoke;  and  on  again 
fusing  these  glassy  bodies,  and  cooling  them  very  slowly,  he  re- 
covered stony  masses,  "  entirely  crystalline,  with  facets  appear- 
ing in  the  solid  parts,"  much  resembling  the  original  rocks.  In 
the  case  of  basalt  from  our  Castle  rock,  the  resemblance  vas  "  so 
strong  in  colour  and  texture,  that  it  would  be  difScult  to  distingnich 
them."  Extending  these  experiments  to  lava,  he  tells  na,  in  the 
first  place,  that  travellers  have  given  rise  to  erroneous  ideas  of  the 
characters  of  lava,  by  bringing  away  with  them  only  the  auperficiiil 
scorias,  and  that  the  deeper  parts  present  very  much  the  appearance 
and  texture  of  our  trap  rocks.  Specimens  of  this  kind  be  accord- 
ingly found  to  comport  themselves  exactly  like  greenstone  and 
basalt,  according  to  the  rate  of  cooling.  The  lava  of  Uount  Etna, 
near  Catania,  be  found  to  resemble  closely  the  columnar  basalt  of 
Arthur  Seat,  and  that  near  Santa  Venere  was  very  like  the  basalt 
of  the  Castle  rock;  and  both  of  them  presented  the  same  varying 
phenomena  as  these  rocks,  when  fused  and  then  cooled  qnickly  ta 
slowly. 

But  Sir  James  Hall's  greatest  triumph  was  his  subsequent  ex- 
perimental inquiry,  not  produced  to  the  Society  till  1805,  and  con- 
sequently a  little  beyond  the  period  included  in  my  present  eketcb, 
"  On  the  Efiects  of  Compression  in  modifying  the  Action  of  Heat." 
By  a  series  of  difScuU,  dangerous,  costly,  but  skilfully  contrived 
experiments,  he  ascertained  that  carbonate  of  lime  Is  a  Insible 
body,  if,  while  exposed  to  intense  heat,  it  be  also  subjected  to 
powerful  pressure,  so  as  to  prevent  the  conversion  of  its  carbonic 
acid  into  gas.  He  also  found  that,  according  to  the  degree  of  beat, 
and  consequently  of  approach  to  perfect  fusion,  he  could  prodnce, 
nnder  proportionally  high  pressures,  varying  from  52  np  to  173 
atmospheres,  the  latter  of  which  corresponds  to  a  mils  of  sea, 
every  essential  character  which  carbonate  of  lime  variously  assumes 
in  the  mineral  world,  from  the  slightly  cohesive  chalk  to  the  firm 
solid  structure  of  opaque  secondary  limestone,  the  crystalline  stmc- 
ture  of  translucent  marble,  and  even  the  transparency  sod  rbom- 
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boiclal  form  or  calcareoaa  spar.  Sir  Junea  rained  theBa  striking 
leanlts  chiefly  on  acoooLt  of  their  iiresistible  bearing  on  tbe  Hnt- 
tonian  theory.  But,  however  important  they  may  be  in  that  rela- 
tionship, they  possess  high  intrinsic  merit;  and  it  seems  surprising 
that  his  method  of  inquiry  has  not  been  extended  to  other  sub- 
stances. 

Hntton  made  a  collection  of  specimens  for  illiiatrating  bis  theory 
of  the  earth.  This  collection  was  presented  to  Dr  Black  by  Hut- 
ton's  sister  and  repiesentative;  Black  madeit  over  to  the  Boyal 
Society;  and  as  tbe  Society  Lad  determined  not  to  keep  up  a  museum 
of  its  own,  Hutton's  collection  was  tranafeired  to  the  Uuseum  of 
the  XTnivereity,  It  mast  be  a  subject  of  keen  grief  to  every  lover 
of  geological  science,  and  to  every  man  who  feels  the  respect  which 
is  dne  to  the  great  men  of  former  days,  that  there  is  great  leasoa 
to  feai  that  this  collection  has  been  lost  sight  of,  and  may  not  now 
be  capable  of  being  identified.  It  must  have  been  extensive;  for 
I  find  in  tbe  old  mannscripts  of  the  Society's  Proceedings,  that  a 
committee  of  Fellows,  appointed  to  conduct  its  transference  to  the 
University  Museum,  asked  no  less  than  a  twelvemonth  to  arrange 
it.  We  can  scarcely  doubt  that  it  was  transferred;  for  it  c«rtainly 
has  not  been  in  this  Society's  pneseseiou  since  I  became  a  Fellow , 
But  it  has  never  been  displayed  in  the  University  ]tfuseuni;  for 
indeed  it  was  a  perpetual  complaint  of  the  late  Professor  Jameson, 
that  be  had  no  space  for  exbibiling  any  collection  of  rocks  at  all 
in  tbe  museum.  Mr  Archer  informs  ma  that  no  such  collection 
has  yet  come  to  light  in  the  course  of  tbe  examination  of  the  vaet 
geological  accumulations  daring  the  keepenhip  of  Jameson,  now 
in  tbe  National  Museum  of  Science  and  Art;  and  that  he  doubts, 
from  tbe  state  of  the  portion  already  examined,  whether  it  will  be 
possible  to  identify  any  special  part  of  it.  Tlie  Society  will  con- 
fidently rely  on  bis  zeal  and  core  in  this  matter;  and  I  submit 
whether  it  is  not  the  Society's  duty  to  consider  what  it  can  do  to 
save  geology  from  a  calamity  so  deplorable  and  so  discreditable  to 
the  scientific  history  of  Edinburgh,  as  would  be  the  loss  of  Hutton's 
own  collection  which  illustrated  tbe  Huttonian  theory. 

The  snmmary  now  given  of  the  Proceedings  of  the  Boyal  Society 
,of  Edinburgh  during  tbe  first  twenty  years  of  its  existence,  does  not 
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inclcde  a  few  papers  of  a  kind  which  cannot  he  well  brought  ander 
Boj  of  the  groups  adopted  in  the  preceding  airaDgement.  But 
Bome  of  these  metit  attention. 

Br  Donald  Uonro  describeB  in  1783  the  mode  at  that  time 
followed  in  India  for  obtaining  attar  of  roBea  without  having  re- 
course to  distillation.  This  method  consists  simply  in  exposing  for 
six  01  seven  days  to  the  snn  picked  rose-petals,  merely  covered  with 
water,  in  an  earthenware  jar,  and  removing  with  a  pellet  of  cotton 
on  a  stick,  the  volatile  oil  which  gradually  forma  on  the  sniface. 
Boebnck  communicates  in  1798  experiments  on  the  effects  of  com- 
pressed air,  made  by  him  in  the  air-vault  of  the  blowing  apparatus 
of  the  Devon  Iron-works.  Only  one  man  was  found  so  venturous 
as  to  go  with  him  into  the  air-vault  while  the  steam-engine  was 
working.  The  vault  was  72  feet  long,  11  feet  wide,  and  13  feet 
high  ;  and  the  compressing  force  was  275  pounds  per  square  inch, 
by  which  a  mercurial  column  was  raised  between  five  and  six  inches, 
adding,  therefore,  nearly  a  fifth  to  the  mean  prmsure  of  the  atmo- 
sphere. He  observed  a  sense  of  pressure  on  the  ears,  great  increase 
of  sound,  no  perceptible  augmentation  of  heat,  but  a  damp  sepsa- 
tion  which  speedily  passed  oS.  No  inconvenience  was  felt  during 
the  hour  that  the  experiment  tasted.  Sir  James  Hall,  in  a  disserta- 
tion on  the  Origin  of  Gh>tbio  Architecture,  deduces  ingeniously  the 
Gothic  arch  from  the  form  assumed  by  tree  poles  bent  at  the  tap 
to  meet  or  cross  one  another,  and  the  florid  ornaments  of  the  arch 
from  spontaneous  fractures  and  outward  bending  of  the  tree  bark  on 
the  ourves  of  the  arch  ae  the  bark  dries.  Sir  G-ilbert  Blane  endeft- 
vours  to  trace  the  Arabic  figures  for  numerals  to  India.  Lord 
Ancrum  proposes  improvements  in  tbe  arms  and  accoutremento  of 
cavalry,  principally  for  lessening  the  weight  on  the  horse,  and 
facilitating  the  movements  of  the  horseman.  Clerk  of  Eldin  shows 
hie  well-known  nautical  propensities,  by  proposing  a  scheme  for 
raising  sunken  ships. 

According  to  custom,  I  annex  a  statement  of  the  changes  which 
have  taken  place  during  the  last  twelve  months  in  the  membership 
of  the  SfJciety. 

Id  November  1867  the  Society  consisted  of  fiC  Honorary  Fellows 
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Knd  2SS  Ordioary  Fellows.     During  last  seaaiou  20  new  Ordinary 
Fellows  have  been  elected,  viz. : — 

Rev.  David  Aitken,  D.D. ;  Robert  Dann,  M.D. ;  Hev.  D.  T.  K.  Dimn- 
moud,  A.M. ;  Rabt.  M.  Fergason,  PhJ).;  J.  Sampsoii  Gamgee, 
M.G.S.  Eug.;  Rev.  Joa.  T.  Qoodsii;  Colonel  Seton  Quthrie ; 
Ber.  Thomas  Guthrie,  D.D. ;  Thomaa  Key,  Dep.  Inip.-Gen.  Indian 
Army;  J.  W.  Laidley,  Esq.,  Sea  Cliff  House;  Thonuu  Smith  M'Call, 
M.D. ;  J.  F.  Uaclennan,  Advocate ;  John  Macmillan,  M.A. ;  Itev. 
J.  F.  Montgomeiy ;  John  Dick  Peddie,  Esq.,  Architect ;  Bamuel 
Raleigh,  Esq.,  C.A. ;  Adam  Gillies  Smith,  Esq.,  C.A  ;  John  J. 
Sbevenson,  Esq. ;  M^or  J.  H.  M.  Stewart ;  W.  Williams. 

Dnring  the  same  period  two  Honorary  Fellows  and  nineteen 
Ordinary  Fellows  have  died ;  and  one  Ordinary  Fellow  has  reeigneU, 


Honorarj/  FeSom. — J.  B.  L.  Foucaolt,  and  C.  F.  Schonbein. 

Ordinary  Fdlowt. — Jamea  Anstmther,  W.S.  [died  in  1866,  hut  omitted 
last  year]  ;  Professor  Q.  A.  Walker- Amott ;  Principal  Sir  David 
Brewstei;  John  Burt,  M.D.;  Beniy  Gheyne,  W.S. ;  Right  Hon.  Sit 
G«o,  Clerk,  Bart ;  John  Davy,  M.D.;  Bt  Hon.  Lord  Dunfermline; 
Robert  Hamilton,  JA-D. ;  Wm.  Bird  Herapath,  H.D. ;  Rev.  Professor 
Robert  Lee,  D.D. ;  Professor  Macdongall ;  Patrick  R  Mora  Maciedte, 
Advocate ;  Thomas  Mansfield,  Accountant ;  Dr  Manson,  Nottingham 
[died  some  years  ago,  but  hitherto  omitted];  B.  Mayne,  Esq., 
Indian  G.3.;  James  Richardson,  Esq.;  ^z.  Thomson,  Esq.  of 


Rengtud. — Robert  Campbell,  Esq. 
The  Society  will  obserre  that  this  obituary  inclades  many  names 
of  great  distinotion  in  learning  and  science.  In  other  oircum- 
etances  it  would  have  been  a  great  pleasure,  as  also  I  feel  it  to 
have  been  my  duty,  to  present  to  this  meeting  a  sketch  of  the  life 
of  these  deceased  Fellows.  But,  called  on  to  prepare  my  address 
with  brief  time  to  do  so,  and  overwhelmed,  too,  with  nnusnal 
TJniTersity  duty,  as  in  charge  of  the  election  both  of  our  Chancellor 
and  of  our  first  member  of  Parliament, — it  has  been  altogether  im- 
possible for  me,  even  with  the  assistance  kindly  proffered  by 
members  of  Counoil,  to  do  anything  like  justice  to  such  biographies 
as  those  of  Sir  David  Brewster,  Professor  WalkeNAmott,  Dr  John 
Davy,  Dr  Bird  Herapath,  Dr  Robert  Lee,  Dr  Manson,  Sir  George 
Clerk,  Mr  Thomson  of  Banchory,  and  others  of  the  Ordinary 
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Fellovfl  vhoin  we  have  lost ;  or  thoM  of  our  late  emiueiit  Honoraiy 
Fellows,  Solionbein  aii(!  Foucault.  A  full  biography,  however,  of 
our  late  President,  Sir  Diivid  BrewBter,  will  appear  ere  long  from 
some  well-qualified  pen,  and  one  of  Erofeasor  Walkei-Arnott  by 
Dr  Oleghom. 

The  following  Gentlemen  were  elected  Foreign  Honorary 
FeHowa  of  the  Society : — 

Odstav  Rdbeki  EixoHHorr,  Piofenor  of  PfaTsica  in  the  TJniTerdty  nf 

Hiiidelberg. 
BuDOLFB  ViBCEOW,  ProfessoT  of  Pathological  Analom j  in  the  UniTerBit j 
ofBeiUn. 


Monday,  21a2  December  1868. 
The  following  Commtinications  were  read :  — 

1.  On  the  Colour  of  Aerial  Blue.    By  Sir  George  Harvey. 
This  paper  ia  intended  to  prove  that  the  coloni  of  blue  in  the 

s^j  and  in  the  landsoape  is  aimply  the  re§ult,  in  the  former,  of  the 
daikneBs  of  space,  aa  seen  through  the  white  light  contained  in  the 
atmoaphere ;  and,  in  the  latter,  of  the  eame  cause  as  shown  in  the 
dark  and  distant  portions  of  the  landscape  being  viewed  throngh 
the  interposed  medium  of  air  filled  with  white  light.  The  colour 
of  aerial  blue  being  due  in  both  cases  to  the  same  cause,  namely — 
a  dark  body  neutralised  as  to  its  darkness  by  being  seen  through  a 
white  and  transparent  medium. 

2,  On  the  Rotation  of  a  Rigid  Body  about  a  Fixed  Point. 

By  Professor  Tait. 

This  paper  contains  an  attempt  to  exhibit  the  mufnal  relations  of 
some  of  the  more  important  of  the  various  procrasea  which  have 
been  employed  in  solving  one  of  the  most  celebrated  problems  of 
-  Dynamioa.  The  Quaternion  analysis  has  been  throughoot  nsed,  as 
far  more  briefly  comprehensive  and  more  snggestively  expremivs 
than  the  ordinary  Cartesian  aualysis. 

A  brief  sketch  of  the  kitumatieal  relations  of  the  problem  is  first 
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given,  partly  after  Hamilton ;  and  Id  it  the  main  object  songLt  is 
usually  the  quatemioD,  q,  on  which  depends  the  operator 

iC   )«- 

which  turns  the  body  from  any  initial  poBition  whatever  to  its 
position  at  time  i.  The  investigation  of  the  axis  and  amount  of 
tlie  single  rotation  by  which  the  body  may  be  thus  changed  in 
position  was  first  suggested  by  Euler,  but  it  was  greatly  simpli- 
fied and  extended  by  Rodrigues  and  Cayley.  The  fundamental 
tinematicfd  formula  of  the  present  paper,  which  conneuta  the 
quaternion,  q,  with  the  instantaneous  axis  of  rotation,  c,  is 

.  =  2Ygq-\ 

and  bad  been  obtained  by  Cayley,  though  not  in  this  very  simple 
form,  as  a  quaternion  translation  from  some  of  his  Cartesian 
resalts. 

From  this  equation  the  formulse,  connecting  the  angular  velocities 
about  the  principal  axes  with  the  various  sets  of  three  angular 
co-ordinates  which  have  been  employed  to  determine  the  position 
of  the  body  at  time  t,  are  deduced,  mainly  to  show  how  oomplex 
are  these  systems  aa  compared  with  those  suggested  at  once  by 
qaatemioDB. 

Hamilton  has  pointed  oat  that,  if  »  be  the  vector  of  an  element 
m  of  the  mass,  the  whole  kinetic  properties  of  the  motion  are  con- 
tained in  the  equation  (which  ia  really  that  of  Lagrange) 

S.mV^w-<^)-0,' 

where  ij.  is  the  vectorex  pressing  the  applied  force  on  nnit  of  mass 
at  m.    He  has  also  given  the  Hnematieal  relation 


By  means  of  this  he  obtains 

S.m-V«»  =  y, 

where  y  is  a  constant  vector  if  no  forces  act,  otherwise  it  is  the 
time-integral  of  the  vector-conpls 
VOL.  VI.  3  k 
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In  tbe  pftper  it  ia  proved  that  if  we  write 
n  =  S""'*3 

(where  ij  and  {  are  certain  vectors  in  the  body  in  iU  initial  position) 
tbe  whole  kinetic  properties  of  the  motion  are  expressed  by  the 
eqafttion 

where  ^  is  a  linear  and  vector  fitnetion,  which  here  introdacea  (as 
the  roots  of  ita  determining  cubic)  the  three  moments  of  inertia. 
Ab  tJie  tensor  of  q  may  have  an;  value  whatever,  let 

Tq  =  constant. 

Then  our  equations  become 


n  = 

■2j, 

w 

•9i, 

H' 

=  {. 

On  the  integration  of  these  very  simple  forms  tbe  solution  of  the 
problem  depends.    They  give 

as  tbe  qnatemion  equation  for  q;  where,  however,  if  forces  act,  y 
is  to  be  considered  as  a  function  of  2;  and  they  supply  the  counter- 
part of  Euler's  equations  in  tbe  form 

when  y  18  constant. 

If  we  seek  the  actual  equations  of  Euler,  referred  to  tbe  moving 
principal  axes,  we  obtain 

^=-V.p«, 

where  p  differs  from  ^  simply  in  the  fact  that  its  rectangular  unit- 
system  ia  fixed  in,  and  moves  with,  the  body. 
If  we  write 

q  -  w-i-ix+jy  +  kz 

tbe  equation  above  (for  q)  gives  us  tbe  following  set  of  ordinary 
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diffsieitti&l  eqaatiODB  coDtttiDing  the  complete  aolution  of  the 
problem  wbeo  do  external  forces  act ; 

dt      dw      dx      dy      dx 

"2  "  W  "  "X  ■  Y  °  Z, 
where 

W  =  -  «3(  -  y»  -  «ff  N 
X=     wSi  +  ye-zVl 

Z  =    wtt  +  «»  -  ya ' 

ud 

Here  A,  B,  0  are  the  principal  momentB  of  inertia,  and 

y  =  ia+jb  +  fte 
is  the  constant  vector  of  moment  of  momentum. 

Thus  we  Bee  that  W,  X,  Y,  Z  are  hotiwgeneova  functions  of 
(0,  X,  y,  z,  of  the  third  degree.  Equations  of  this  nature,  bat  not  so 
symmetrical,  have  been  given  bjiCayley,  and  completely  integrated 
(in  the  aense  of  being  reduced  to  quadratures)  by  assoming  the 
previous  integration  of  Kuler's  equations. 

Other  modes  of  integration  are  employed ;  and  the  problem  is 
also  solved  by  seeking  the  homogeneout  strain  which  will  bring  the 
body  from  any  initial  position  to  its  position  at  time  t 

This  part  of  the  paper  concludes  with  the  complete  determina- 
tion of  q  for  the  case  of  no  forces  and  two  equal  momenta  of  ioertia- 

The  remuoder  of  the  paper  deals  with  some  simple  cases  of  applied 
forces,  when  two  moments  of  inertia  are  equal.  If  a  denote  a  anit 
vector  in  the  direction  of  the  unequal  axis  of  inertia,  and  if  the 
motion  be  that  of  a  heavy  solid  of  revolution  (such  as  a  top)  about 
a  point  in  its  axis,  it  is  shown  that 

BVoi  -  AOa  »  Way 
where  7  is  a  constant  vertical  vector,  and 

n  =  Sac  =  constant . 
This  is  the  eqaation  of  motion  of  a  simple  pendulum  disturbed  f>; 
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a  force  constantly  perpendicular  to  the  cone  described  by  the  string, 
and  proportional  to  the  rate  at  which  the  area  of  the  Burfaoe  of  the 
cone  is  swept  out  by  the  etring.  The  locus  of  the  extremity  of  c  is 
shown  to  be  a  apbere  fised  in  space. 

The  prolilem  of  FiecesstoQ  and  Nutation  ia  next  considered,  and 
shown  to  depend  on  the  integration  of  the  very  eimple  eqnation 

BVaa-  AOa  =  ^  ( A  -  B)  Sap  Vop . 

where  M  is  tho  mass,  and  p  the  vector,  of  the  disturbing  body. 

The  complete  developments  of  the  solutions  of  these  equations 
are  reserved  for  another  occasion. 


3.  An  luveetigatioa  into  sonie  previously  nndescribeii 
Tetanic  Symptoms  produced  by  Atropia  in  Cold-Blooded 
Animals.  By  Dr  Thomas  R.  Fraser. 
Authorities  in  toxicolugy  appear  to  agree  in  Including  convnlsions 
among  the  effects  of  belladonna  and  of  its  active  principle — atiopia 
— on  man.  Convulsive  and  tetanic  symptoms  would  appear  to  be  also 
nearly  constantly  produced  when  fatal  doses  of  this  poison  are  admin- 
istered to  dogs,  rabbits,  and  other  animals,  and  to  various  birdn. 
The  recent  remarkable  progress  of  our  knowledge  of  the  exact  and 
iutimate  physiological  action  of  various  medicinal  substances  is 
greatly  due  to  investigations  that  have  been  made  on  animals  of 
a  lower  type  of  organisation ;  and,  accordingly,  numerous  observers 
have  instituted  experiments  with  atropia  on  such  animals,  and, 
especially,  on  frogs.  Hitherto,  however,  tetanus  has  not  been 
described  as  one  of  the  effects  of  atrupia-poisoning  in  cold-blooded 

In  some  experiments  underlakeu  to  determine  the  minimum 
fatal  dose  of  atropia  for  frogs,  I  was  surprised  to  find  that  increased 
reflex  excitability,  convulsions,  and  tetanus  occurred,  occasionally, 
at  a  certain  stage  in  the  poisoning.  Since  first  observing  these 
unexpected  symptoms,  I  have  made  a  number  of  experiments  to 

*  Since  this  was  written,  I  have  communicated  with  Dr  John  Earlej  nf 
London  (ths  aathoi  of  BeTeral  Important  papen  on  the  phjaiologicol  action 
and  tharapeatiool  emplofmetit  of  belladonna),  and  haTs  had  the  ploMnre  of 
learning  UiBt  ha  has  also  abeerved  tetanua,  and  otlier  lymptouu  of  abnormal 
jefli'X  actiTity,  in  fioga  dnriog  protmcled  atropia-poieonins. 
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determine,  occuiatel;,  the  character  of  these  coDvulsiTe  effects,  to 
ascertain  the  dose  necessary  for  their  production, and  to  diffeieotiate, 
as  far  as  possible,  the  structures  on  whose  affection  tbej  depend. 

Soon  after  a  small  fatal  duse,  or  one  rather  less  thsn  fatal,  of  a 
salt  of  atropia  is  administered  to  a  frog,  a  slight  degree  of  weakness 
occnre  in  the  aoterior  extremities,  the  respiratory  movements  of 
the  chest  cease,  and  the  motor  power  becomes  gradually  more  and 
mote  impaired,  nntil,  at  length,  all  voluntary  and  respiratory  move- 
ments cease,  and  the  animal  lies  on  the  abdomen  and  chest,  in  a 
perfectly  flaccid  state.  If  the  condition  of  the  heart  be  now  exa- 
mined, it  will  be  observed  that  tha  cardiac  impulse  is  scarcely 
perceptible,  and  that  the  contractions  are  reduced  to  a  very  few  in 
the  minute.  At  this  time,  the  application  of  various  stimuli  shows 
that  the  functions  of  the  afferent  and  efferent  nerves  and  of  the 
Hpinal  cord  are  retaiued,  though  in  a  greatly  impaired  condition. 
Several  hours  afterwards,  it  may  be  on  the  following  day,  the  action 
of  the  poiBon  is  still  further  advanced ;  for  the  functions  of  the 
afferent  and  efferent  nerves  and  of  the  spinal  cord  are  completely 
paralysed,  while  only  an  occasional  and  scarcely  perceptible  cardiac 
impulse  can  be  discovered,  the  only  signs  of  vitality  being  this 
imperfect  cardiac  action  and  the  continuing  irritability  of  the  striped 
muscles.  This  state  may  last  for  many  hours  ot  for  several  days — 
in  one  experiment  it  continned  for  as  many  as  five  days.  Frevioue 
observers  have  apparently  mistaken  it  for  one  of  death,  aud  have, 
therefore,  failed  to  observe  the  symptoms  that  subsequently  appear, 
and  to  which  I  wish  mote  particularly  to  draw  attention.  The  first 
of  these  symptoms  is,  usually,  a  change  that  occurs  in  the  flaccid 
condition  of  the  animal ;  the  anterior  extremities  becoming  flexed, 
and  gradually  more  and  more  arched,  until,  at  length,  they  are 
rigidly  contracted,  while  tonic  spasm  occurs  in  the  muscles  of  the 
chest  also.  At  this  time,  a  touch  of  any  portion  of  the  skin  increases 
the  tunic  spasm  of  the  anterior  extremities  and  of  the  chest  muscles, 
and  causes  some  slight  spasmodic  movements  in  the  posterior  ex- 
tremities. In  varying  periods  after  this,  the  respiratory  movements 
reappear,  and  the  cardiac  impulse  improves  greatly  in  strength  and 
in  frei|uency,  while  the  posterior  extremities  assume  an  extended 
position,  with  the  webs  stretched.  If  the  skin  be  now  touched,  a 
violent  attack  of  opistbotonic  tetanus  occurs,  which  may  last  tf^ 
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Trom  two  to  ten  seoouds,  and  which  is  Bucceeded  by  a  eeriea  of 
clonic  Bpums.  Duting  the  tetanus,  the  posterior  extremities  are 
often  more  or  less  abducted,  aud  immediately  after  it  tbey  become 
flaccid ;  but  the  anterior  extremities  almost  always  remain  rigidly 
flexed.  As  a  somewhat  later  period,  tetanus  of  a  still  more  violent 
character  may  be  excited ;  the  attacks  are  now  emproBthotonio, 
and  during  them,  the  posterior  extremities  are  rigidly  extended, 
while  at  their  conclusion,  not  only  do  the  anterior  extremities 
remain  arched,  but  the  bead  is  bent  downwards  by  tonic  spaam  of 
the  muscles  of  the  abdomen,  chest,  and  neck. 

A  succession  of  such  attacks  may  be  produced  by  repeated  touohes 
of  the  skin,  but,  after  a  number  have  been  excited  in  quick  snoceB- 
eion,  the  Hubsequent  convulsions  become  shorter  and  rather  less 
powerful,  though  they  reacquire  all  their  former  violence  after  a 
period  of  rest. 

When  the  animal  is  not  suffering  from  an  attack  of  tetanus,  it 
may  execute  various  movements,  but  these  are  performed  vith 
difGculty,  even  when  they  do  not  themselves  excite  spasms  and 
conTuIsions,  and  it  is  apparent  that  the  power  of  voluntary  move- 
ment is  still  considerably  impaired. 

The  period  during  which  this  tetanic  condition  remains  was 
found  to  vary  greatly  in  different  experiments.  It  has  been 
observed  to  continue  for  only  a  few  hours,  or  for  several  days,  and, 
in  one  experiment,  for  as  long  as  fourteen  days. 

Tliis  description  indicates  the  usual  characters  and  sequence  of 
the  phenomena  with  such  a  dose  of  atropia  as  produces  tetonne. 
Experiments  have,  however,  been  made  in  which  the  functions  of 
the  cerehro-spinal  nervous  system  were  not  observed  to  be  completely 
paralysed, in  the  stage  of  the  poisoning  antecedent  to  the  appearance 
of  tetanus.  Only  impairment  of  these  functions  was  observed,  hat, 
as  the  state  of  flaccidity  often  lasts  for  several  days,  it  is  obviously 
impossible  to  make  observations  bo  frequently  during  this  period 
BB  to  authorize  the  assertion  that  total  destruction  did  not  occur. 

It  IB  almost  superfluous  to  allude  to  the  resemblance  between  the 
tetanic  symptoms  of  atropia  and  those  of  strychnia.  There  are, 
liowcTcr,  certain  peculiarities  connected  with  the  tetanus  which 
.  atropia  causes — altogether  apart  from  the  remarkable  fact  that  thia 
"etanua  succeeds  paralysis — which  distinguishes  it  from  that  of 
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strychnia.  After  poisoniiig  vith  atropia,  and  during  the  stage  of 
exaggerated  reflex  excitability,  the  attacks  of  tetanus  cannot  be 
excited  by  the  very  slight  stimali  which  are  sufficient  to  do  so  in 
Btiychnia-poisoning.  Yarious  irregularities,  also,  are  frequently 
met  vith  in  the  tetanus  of  atropia.  Some  of  these  have  been  already 
described,  and  of  the  others  it  is  sufficient  to  mention  the  occur- 
rence of  tonio  spasm  of  one  group  of  muscles  in  (Hie  limb,  and  of 
another  group  in  another ;  of  tetanus  in  the  posterior  extremities, 
with  only  slight  increase  of  reflex  excitability  in  the  anterior ;  and 
of  contractions  of  unequal  force  in  the  muscles  at  the  sides  of 
tlie  chest  and  qeck,  causing  lateral  curvature  during  a  tetanic  con- 
vulsion. 

The  numerous  experiments  that  have  been  made  have  so  far 
solved  the  problem  of  the  does  required  to  produce  these  remark- 
able phenomena,  that  they  may  now  be  almost  unfailingly  produced. 
Tetanus,  ot,  at  least,  a  state  of  greatly  exaggerated  reflex  excitability, 
nearly  invariably  occurs  when  a  dose  of  the  sulphate  or  acetate 
of  atropia,  equivalent  to  the  one-thousandth  of  the  weight  of  the 
frog,  is  administered  by  injection,  either  under  the  skin  or  into  the 
abdominal  cavity.  Doses  varying  from  the  one  eight- hundredth 
to  the  one  twelve-bundiedth  of  the  frog's  weight,  may  also  prodnce 
these  effects.  The  larger  doses  always  produce  the  most  violent 
tetanic  symptoms,  if  they  are  not  fatal  during  the  stage  of  paralysis ; 
and  they  may  he  given  with  confidence  to  very  small  animals,  and 
to  such  as  have  been  kept  in  a  laboratoiy  for  several  months.  The 
smaller  doses  are  best  adapted  for  large  frogs,  and  for  such  as  have 
been  recently  obtained  from  their  natural  habitats.  If  a  dose  be 
employed  smaller  than  those  above  indicated,  impairment  of  the 
functions  of  the  cerebro  spinal  nervous  system  and  of  the  heart  may 
be  caused,  but  gennral  tetanus  will  not  follow,  although  spasms 
restricted  to  certain  regions  may  occasionally  appear.  The  tetanic 
state  resulting  from  the  administration  of  the  largest  doses  usually 
terminates  in  death,  that  from  the  smallest  in  recovery. 

There  are  some  special  difficulties  to  be  overcome  in  determining 
what  structures  are  concerned  in  the  production  of  this  tetanic 
action  of  atropia;  for  in  following  the  only  available  plan,  that, 
namely,  of  preventing  the  poison  reaching  certain  regions  while  it 
baa  access  to  others,  it  is  essential  to  remember  that  important 
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fallacies  might  arise  because  of  the  long  iDtervul  that  often  elapsea 
between  the  admioiBtration  of  the  poison  and  the  appearatice  of 
tetanus.  Experimeuts  vere  made  in  Eome  of  which  the  blood- 
vessels of  one  posterior  extremity,  and  in  others  of  both,  were  tied 
before  atropia  was  administered,  and,  by  frequently  modifying  tie 
dose,  tetanus  was  on  Beveral  occasions  produced  sufficiently  soon  to 
give  results  that  were  not  materially  influenced  by  the  previoug 
ligature  of  vessels.  It  was  observed,  in  these  experiments,  that 
spasms  and  tetanus  occurred  in  the  limbs  to  which  the  access  of  the 
poison  had  been  prevented,  during  the  stage  in  which  the  nerves 
of  the  poisoned  regions  were  regaining  tbeii  functions.  This  is 
sufScient  to  demonstrate  that  the  tetanus  does  not  depend  on  an 
action  on  motor  or  sensory  nerves,  nor  on  muscles ;  and  it  is,  there- 
fore, apparent  that  it  must  depend  on  an  action  on  tbe  central 
oerve-orgaus.  The  predominence  of  cerebral  symptoms  during 
ntropia-poisouing  in  animals  of  a  higher  development,  suggested 
the  possibility  of  tbe  tetanic  symptoms  being  caused  in  frogs  by  an 
influence  originating  in  the  cerebral  lobes,  or,  more  probably,  in 
tbe  ganglia  at  the  summit  of  the  medulla.  Accordingly,  on  several 
occasions,  the  cord  of  a  frog  in  tbe  stage  of  tetanus  was  divided 
immediately  below  the  brachial  enlargement.  After  this  operation, 
however,  the  tetanic  condition  continued  in  both  the  anterior  and 
posterior  segments.  Violent  tetanus  could  be  readily  excited  in 
either  segment;  and  this  condition  frequently  lasted  for  many  days 
after  tbe  division  of  the  cord. 

There  can,  therefore,  be  no  doubt  that  these  tetanic  symptoms 
are  caused  by  an  action  of  atropia  on  the  spinal  cord. 

4  On  Rhabdopleura,  n  New  Genus  of  Polyzoa. 

By  Professor  AllmaD. 

Professor  Allman  described  a  new  genus  of  Polyzoa,  obtained  by 

tlie  Bev.  A.  U.  Norman  and  Mr  J.  Gwyn  Jeffreys,  from  deep-sea 

dredgings  in  Shetland. 

Its  coencecium  consists  of  a  branched  tube,  parlly  adherent  and 
partly  free,  tbe  free  portion  forming  tubes  of  egress,  through 
wliicb  the  polypides  move  in  the  acta  of  exeertioo  and  retraction. 
In  the  walls  of  tbe  adherent  portion  a  rigid  ohitiuous  rod  is  de- 
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veloped  along  tbeir  attached  aide,  and  to  this  lod  t)ie  polypidea 
are  coDttected  from  distance  to  distance  each  by  a  flenble  cord  or 
fanicaluB. 

Tbe  polypides  are  hippocrepian,  and  each  conies  a  shield-like 
process  on  the  hemal  aide  of  its  lophopbore  extemd  to  the  ten- 
tacular series. 

The  development  of  the  bud  was  traced,  and  it  was  shown  that 
in  an  early  stt^e  the  polypide  is  included  between  two  fleshy 
plates,  which  are  placed,  one  on  tbe  right  and  the  other  on  tbe  left- 
side, and  are  united  to  one  another  along  a  portion  of  their  circum- 
ference, while  they  are  disunited  along  the  lest.  FoTSome  time  the 
two  plates  keep  pace  with  the  general  development  of  tbe  bud,  but 
ultimately  they  cease  to  increase  in  size,  and  then  remain  as  the 
shield- like  process  carried  by  tbe  lophopbore  of  the  adult  polyzoon. 

The  author  regarded  these  plates  as  representing  the  right  and 
left  lobes  of  the  mantle  in  a  Lamellihranchite  mollusc,  from  which 
it  followed  that  the  relations  of  the  Folyzoa  are  more  intimate 
with  tbe  Lamellibranchiata  than  with  the  Brachiopoda,  with  which 
of  late  yean  they  had  been  associated,  but  whose  mantle  lobes  lie 
doTsally  and  ventrally,  instead  of  lying  right  and  left,  as  in  the 
Lamellibranchiata.  The  lophopbore  of  the  Folyzoa  was  considered 
by  the  author  as  having  its  representative  in  tbe  labial  palps  of  the 
Lam  ellibraucb  iata. 

Tbe  following  were  given  as  the  generic  and  specific  diagnosis  of 
the  new  Polyzoon ; — 

Genus  BnABDOFLBUBi,  AUman. 

Ctenaictim  consisting  of  a  branched  adherent  membranous  tnlie, 
in  whose  walls  along  their  adherent  side  a  rigid  chitiuous  rod 
extends,  and  whose  branches  terminate  each  in  a  free  open  tube 
through  wfaiofa  the  polypide  emerges. 

iMph/^on  hippocrepial,  with  a  shield-like  process  on  the  hemal 
Bide  of  the  tentacles.  Folypides  connected  to  the  cLitinous  rod 
by  a  flexible  cord  or  funiculus. 

Shabdopleura  Normant,  Allman. 
Coencecium  enb- alternately  branched,  delicate,  transparent,  and 
colourlesff;  free  i)ortion  of  the  ccenoocial  tubes  of  the  same  diameter 
as  tlie  adherent  portion,  and  very  distinctly  and  regularly  annulated. 
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^o&ttaf.— Creeping  over  the  emroce  of  dead  sfaeUs,  from  a  deptb 
of  93  fathoms. 

iocaZ^.— Shetland  seas.     J.  Gwyn  Jeffreys,  Esq.,  and  Bev.  A. 
M.  Nonnan. 

Though  we  cannot  expect,  in  epirlt  epecimens,  to  demonstrate  by 
direct  obeervation  the  presence  of  an  epislome,  we  may  yet  take 
for  granted  that  Rhabdopleura,  like  all  other  polyzoa  with  hippocre- 
pian  lophophores,  is  provided  with  thia  organ,  and  belonga  to  the 
Order  Phylactoltemata.  Its  etructure,  however,  is  bo  peculiar  ae  to 
justify  uB  in  assnming  it  aa  the  type  of  a  special  section  of  the 
Order,  which  may  he  thus  divided — 
„  _  f  Scutata,  Bhabdopleura. 

POLTZOA  PhYL*CTOL«MATA  <  V    „  .  ^   .  ,,       „,  .  ii       t 

(  Jnsrmta,  Crietatella,  Plnmatella,  Sec. 

The  following  Gtcntlemen  were  balloted  for  and  elected 
Fellows  of  the  Society : — 

Olwek  G.  HIU.BB,  Esq..  Panmnre  Home,  Forfusliire. 
John  L.  Douulab  Stbwabt,  Esq.  of  Natebj  HnlL 
Albxandbk  Bccsav.  Esq.,  M.A. 
Professor  Fibemimo  Jbkkin. 
William  Dickson,  Esq. 
JoHH  PsNDBB,  Esq. 

The  following  Donations  to  the  Library  were  announced : — 

Ameth  (Joseph).  Die  Antiken  Cameen  des  £.  E.  Hiinz  und  Anti- 
ken  Cahinettes  in  Wien.     Fol, — From  the  Avihor. 

Die  Antiken  Gold  und  Silber  Uonumente  des  E.  E.  Uunz 

und  Antiken  Cahinettes  in  Wien.    Fol. — From  the  ArOhor. 

Die  Cinque  Cento  Cameen  und  Arbeiten  des  Benvenuto 

Cellini  und  seiner  Zeitgenossen  im  E.  E.  Miinz  nnd  Autiken 
Cahinettes  in  Wien.    Fol. — pTon  the  Author. 

Begbie  (James),  M.D.  On  the  Causes  of  Death  in  th^  Scottish 
Widowa'Fund  Life  Assurance  Society,  from  let  January  I860  to 
31st  December  1866.  Edinhnrgh,1868.  8yo.~From  the  Author. 

Hon6  (Ami).  Becneil  d'ltingtaires  dans  la  Tarquie  d'Europe. 
Tome  I.  II.    Vienna,  1854.    Svc—From  the  Avihar. 

Bmnn  (Dr  H).  Ueher  die  sogenannte  Leukothea  in  der  Qlypto- 
thek  St  Afajestat  Eooig  Ludwiga  I.  Munich,  1867.  4to.— 
From  the  Author. 
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Guaatia  (A.  A.)-     Elonmeiatio  Ordinata  MoIlnBcoram  Gauln-Ueli- 

tensium  (of  the  late  Hr  Gineeppe  Hamo).    Malta,  1867.    8vo. 

— Ftwn  th«  AvlAor. 
Catalogue  of  tfaa  New  Totk  State  Library  for  1865.    Iaw  Library. 

First  Snpplement.     8vo. — From  the  Trtuleea. 
"^ of  the  Printed  Books  and  MannscriptB  in  the  Library  of 

the    New    College,   Edinburgh.      1868.      ita.~FTtm   l}>e 

Coihge. 
Catlow  (Joseph  Peel),  M.R.C.S.    PtiDciplea  of  .Esthetic  Medicine. 

London,  1867.     8ro.—From  the  Author. 
Childs  (Geo.  W.).    Aocount  of  the  Proceedings  oonnected  with  the 

opening  of  the  Public  Ledger  Bnilding,  Philadelphia.    1866. 

8ro. — From  the  Author, 
Cooke  (Bev.  T.  F.).  M.A.    AuthOTBhip  of  the  Practical  Electric 

Telegraph  of  Great  Britain.    London,  1868.     8yo.—From  the 

AiUhor. 
Diemer  (Joseph).    Genesis  nnd  Exodus  naoh  der  Uitstftter  Hand- 

Bcbrift.     Band   I.,   II.      Vienna,   1862.     8vo.— JVom   the 

Avihor. 
Drifts  (Auriferous),  in  AnstnJaaia,  by  "Beseucb."    Melbourne, 

1868.     8vo. — From  the  Author. 
Ekker   (A.   H.  A.).     Esennte   Octobri.     Carmen,   ad  fiUolvoi. 

AmHterdam,  1868.    8vo. — From  the  Author. 
Eidmonn  (A.).    £spos£  dea  FormatioDS  Qaatemaires  de  la  SuMe. 

Stockholm,  1868.    Texte  Svo ;  Atlas  ito.—From  the  AtUhor. 
FouqnS  (M.  F.).    Premier  Rapport  sur  nne  Mission  Scienti£que  a 

rile  de  Santorin.     Paris,  1867,     8to. — From  the  Author. 
Bappoit  BUT  les  FhSuomdnes  Chimiques  de  I'Bruption  de 

I'Etna  en  1865.    4to.— JVom  the  Author. 
■ •  Bapport  sur  les  Tremblements  de  Terre  de  Gephalonie  et  de 

Mfitelin  en  1867.    Paris.    8to. — From  the  Author. 
Onnther  (Gustar  Juliua).    Armour  Plating,  with  a  Desoription  of  a 

DeWayatem  of  Iron  or  Steel  Annonr.    London,  1868.    8to. — 

From  the  AtUhor, 
Guthrie  (Frederick),  Ph.D.  Elements  of  Heat  and  of  Non-Hetallio 

Chemistry.    London,  1868,    Svo.— From  the  Author. 
Hammer  Purgatall.    Gegchichte  Waesars.    Band  I.    Wien,  18€6. 
ilo.—From  the  Author, 
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Jitmee  (Col.  Sir  HeoT;).  DeterminatioD  of  the  Positions  of  Feagfa- 

maio  and  Haverfordwest  Longitnde  Stations  on  the  Great 

European  Arc  of  Parallel.    London,  1867.    4to. — IVom  tJu 

Secretary  of  Stale  for  War. 
Journal  (American)  of  Science  and  Aits.    Conducted  by  Benjamin 

SiJliman.    Nos.  135, 136, 137.    New  Haven.    8vo.— J'rom  the 

Editor. 
Korajan  (Th.  G.  von).  Das  VerbruderangB  bnch  des  Stifles  S.  Peter 

zn  Salzburg  aus  dem  achten  bis  dreizehnten  Jabrhundert  mit 

Erlanterungen.     Wien,  1862.     ¥oL—From  the  AvtAor. 
LawBon'sFinetumBritannicum.    FartsXXIZ,  ZXX.   Imp.fol.— 

From  Charlet  Lawson,  Etq. 
Meiller  (Andreas  von).    Segeeten  zur  Geschicbte  der  Markgrafen 

nnd  Herzoge  Oateneichs  aus  dem  Hauee  Babenberg.    WieD, 

1850.    4to.— F«mi  the  AtOlwr. 
Miklosich  (F.).     Honumenta  Lingua  Fal^eoelovenicsa  e  Codice 

Suprasliensi.    Vindobonie,  1851.    8vo. — From  tie  Atiihor. 
Neilreich  (Si  August).    Diagnoeen  det  in  Ungarn  und  SlaTooieD 

bishei  beobacbteten  6efasEp6anzeD  welcbe  in  Eooh's  SynopsiH 

nicbt  entbalten  sind.    Wien,  1867.    8vo. — From  the  Author. 
Paine  (Martyn),  A.M.,  M.D.    1!he  InBtilntes  of  Uedicine.    6th 

edition.    New  York,  1867.    Bvo.—From  tie  AuUtor. 
Peters  (Dr).    Report  on  the  Longitude  of  Elmira.    Albany,  1864. 

Sva. — From  the  Avihor, 

Beport  on  the  Longitude  and  Latitude  of  Ogdeosborgb. 

Albany,  1865.    8vo.— from  (Ae  Author. 

Pictet  (M,  Adolphe).  Snr  une  Nouvelle  BSesse  Ganbise  de  la 
Onerre.    Paris,  1668.    %vo.-~From  the  Author. 

PoUender  (Dr  A.).  IJeber.  das  Entstehen  und  die  Bildong  der 
kreisrunden  Oeffoungen  in  der  ausseien  Haut  des  Bkteo- 
Btaubes.    Bonn,  1867.     4to. — From  the  Author. 

—  —  Neue  TTntersuohungen  iiber  das  Entsteben,  die  Entwicke- 
Inng,  den  Ban,  und  das  chemische  Verbalten  des  Bluten- 
staubes.     Bonn,  1868.     4to.— i^Twn  the  Author. 

I .  ■  I  .  Wem  gebuhrt  die  Frioritat  in  det  Anatomic  der  Pflanzeo  dem 
Grew  oder  dem  Malpighi,  Bonn, 1868.  4to. — From  the  Author. 

X'riestley  (William  0.),  M.D.  Lectures  on  the  Development  of  the 
Gravid  Uterus.    London,  186).    Svo. — .From  the  Author. 
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Quetelet  (M.  Ad.).    Sur  les  Ph^omdnee  P6riodiqneB  en  General. 

6vo.— From  the  AtOhor. 
Begtetet- General,  Report  of  the  Superintendent  of  the  Coaat 
_  Survey,  showing  the  Frogreas  of  the  Soivey  during  yearn 
1863-64  and  1865.  ito.—Fromthe  Uiiited  SkOea  Oovemment. 
on  Epidemio  Cholera  and  Yellow  Feverin  the  United  States 
Army  during  1867.     4to. — From  iJte  War  Office,  Wiuhmgton. 

Eleventh  detailed  Annoal  Report  of  Births,  Deaths,  and 

Uarrioges  in  Scotland.     Fdin.  1868.    8vo. — From  the  Segia- 

Boberteon  (George),  F.B.S.E.    Tide  Signals   as  well  as  Storm 

Signals.     Edinburgh,  1868.     8to.~From  iU  Author. 
Schmidl  (Dr  Adolf).  Die  Grotteo  nnd  Edhlen  von  Adelsberg,  Lueg, 

Flanina  und  Laaa.     Wien,  1854.     Fol.—From  the  Author. 
Die  Grotten  und  Hohlen  ron  Adelsberg,  Lueg,  Flanina  nnd 

Laas.    Wien,  1854.    Sto,— From  the  Avlhor.- 
Schumann  (J.).     Die  Diatcmeen  der  ^hen  Tatra,    Wien,  1867. 

8vo. — From  the  Author. 
Smyth  (G.  Fiazzi).    Life  and  Work  at  the  Great  Pyramid.    Vole. 

1-3.    Edinburgh,  1867.    Bvo.—From  the  Author. 
on  Che  Antiquity  of  Intellectual  Man.    Edinburgh,  1868. 

8to. — From  the  Author. 
Stevenson  (Thomas),  G.Eb   On  ascerlaining  the  Intensity  of  Storms 

by  the  Calcniation  of  Barometric  Gradients.    8ro. — Atxn  the 

Atithor. 
Storei  (David  E.),  M.D.    History  of  the  Fishes  of  Mossachusetta. 

Cambridge,  1867.    4to.— From  the  Author. 
Strove  (Otto).    Jahresbericht  am  24  Mai  1867-68,  dem  Comit4  der 

Nicolai-Hanptatetnwarte.    St  Petersburg.     8vo.—From   the 

Avthor. 
TabuIfB  Anxiliarei  ad  Transitus  per  Planum  primum  verti- 

cale  reducendos  inservientes.    St  Petersburg,  1868.    8vo.— 

From  the  Avikor. 
Thomson  (Murray),  M.D.    Beport  on  Meteorological  ObservatioDs 

in  the  X.  W.  Provinces  of  India.    Boorkee,  1868.    Fol.— 

From  the  Author. 
Teale  (Jamra).  A  Dynamical  Theory  of  the  Universe.  Uanchester, 

1868.    8vo.— From  the  Author- 
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TftAMaAOIIONB  AHS  FkOOBBDINOB  OF  S0OIETU8,  AoADKHUg,  Jkc. 

Atnaterdam. — Gatalogua  van  de  Boekerij  derEoniuklijIce  Akademie 
TaD  WetteDBchappen  geveBtigd.    Deel  II.    Stuk  2.    8vo. 
— From  the  Academy, 
Jaarboek  van  der  Eoninklijke  Akademie  van  Wettenschap- 

pen  gevestigd.     1867.     8vo. — From  the  Academy. 
ProceBsen-Terbaal  van  de  gewone  Tetgaderingeu  der  Eontnk- 
lijke  Akademie  van  WetteiiBchappen,  van  Mei  1867  tot 
en  met  April  1868.     SvQ,—From  the  Academy. 
VerhaDdelingen  der  Eoninklijke  Akademie  van  Wetten- 

Eobappen.     Deel  XI.     4tD. — From  the  Academy. 
Verslagen  en  Uededeelingen  der  Eoninklijke  Akademie  van 
WettesEchappen.    Natuurkunde,  Deel  II. ;  Letterknnde, 
Deel  XI.     8to.— f  rom  the  Academy. 
Baltimore. — Peabody  Inetttute  of  the  city  of  Baltimore.    Hiatorj 

of  Baltimore.     1668.     6n.~Frtm  the  Institute. 
Berlin. — Die  FortBckritte  der  Fhyeik  in  Jatire  186S,  dargeatellt 
von  der  PhyHikEiliEclieii  GresellBchaft  zu  Berlin.    Jabigang 
XXI.  Abth.  1-2.     Svo.— From  the  Society. 
Uonatsbericbt  der  Eoniglichen  Prenssieclien  Akademie  der 
WifisenBcharten  January,  Febraary,  March,  April,  May, 
Jnne,  July  1868.     8to. — From  iJie  Academy, 
Berne, — Mittheibngen  der  NaturforBchenden  (resellBchaft  inBeiii. 

N'.  619-653.    6vo.—From  the  Society. 
Bombay. — Journal  of  the  Bombay  Branch  of  the  Boyal  Aaiatio 

Society.    No.  24.    8vo.— JVom  the  Society. 
Bordeaux. — USmoires  de  la  SociStS  des  Sciences  PhysiqneB  et 
NaturelleB  de  Bourdeauz.    Tome  V.  3*  Cabier.    8vo. — 
From  the  Society. 
5«i(on.— Annual  of  the  Boston  Society  of  Natural  HiBtory,  1868-69. 
8vo, — From  the  Society. 
Conditions  and  doings  of  the  Boston  Society  of  Natural 

"History  for  1867-68.    8to.— JVom  the  Society. 
Alemoirs  read  before  the  BoBton  Society  of  Natural  History. 

Vol.  I.  Part  III.     ito.—From  the  Society, 
Proceedings  of  the  Boston   Society  of  Natural  History. 
Vol.  XI.    five— f  rwn  the  Sodely. 
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Breinen. — AbbandlUDgen  heranegegelwii  von  Natunrlssenacliaft- 

lichen  Yereiae  za  Bremen.    Bund  I.  Heft  3.    8to. — From 

the  Societi/. 
^jttMcI*.— Bulletin  de  I'Acttdfimie  Btjyale  des  Sciences,  des  Lettrea, 

et   dea  Beaux-Arts  de   Belgique.      Tome  XXV.      Nop. 

5,  6,  7,  9,  10.     8vo.— From  the  Academy. 
Calcutta. — ProceedingB  of  the  Asiatic  Society  of  Bengal.     1868, 

Nob.  1-8.     8to. — From  the  Soeiely. 
Journal  of  the  Asiatic  Society  of  Bengal.     Fart  I.  No.  3 ; 

Part  II.  No8.  1,  2.  Extra  No.  Svo.—From  the  Society. 
Do.  Index.  Tola.  XXXV.  XXXVI.  &YO.—From  the  Society. 
Hemoita  of  the  Greological  Survey  of  India.   Palseontologia, 

V.  PtB.  1-4.     ito.--From  the  Survey. 
Uemoirs  of  the  Geological  Survey  of  India.    Vol.  YI.  Pts. 

1  and  2.     8vo.~-From  the  Survey. 
Annual  Report  of  the  Creological  Survey  of  India,  and  of 

the  Museum  of  Geology,  foi  1866-67.    8vo.— JVom  the 

Survey. 
Catalogue  of  the  Ueteoiitea  in  the  JKusenm  of  the  Geologi- 
cal Survey  of  India.     8vo. — From  the  Survey, 
Cambridge  (XJ.  S.) — Memoirs  of  the  American  Academy  of  Arts 

and  Sciences.  Vol.  IX.  Part  I.  4to. — From  the  Academy. 
Proceedings  of  the  American  Academy  of  Arte  and  Soieuce?. 

Vol.  VII.     Svo.—From  the  Academy. 
Proceedings  of  the  American  Agsociation  for  the  Advance- 

mentof  Science.    15th  Meeting,    8vo, — From  the  Auoeia- 

tion. 
Colvmhu  (U.  S.)— Twenty-first  Annual  Eeport  of  the  Ohio  State 

Board  of  Agriculture.     6vo. — From  the  Board. 
Dretdea. — Novorum  Actorum   Academite    Cteaarera   Leopoldino- 

Carolinis     Germ  anion    Naturte     Cuiiosomm.       Tome 

XXXIV.     4to.— Jrom  the  Academy. 
Edinburgh. — Conference  on  Technical  Education,  held  at  Edin- 

burgh  20tb  March  1868.     8vo.— i^rom  the  Cot^&rence. 
Forty-first  Annua)  Beport  of  the  Boyal  Scottish  Academy, 

1863.    8vo. — Frtm  the  Academy. 
Journal  of  the  Scottish  Meteorological  Society.   New  series. 

No.  18.     8vo.— ^rom  the  Society. 
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Fhmnee. — Hemorie  della  Societd  lUliana  delle  Scienze  fondats  da 
Anton-mario  Lofjtia.     Tome  I.  Furta  1.     4to. — FromUie 
Society. 
Olaagow. — ProceedtDgB  of  the  Philosophical  Society.     Vol.  TI. 

■  No.  4.     &yo.~From  the  Soetety. 
Saariem, — Natunrkandige  VerhaadeliDgen  Tan  do  HollandBche 
Maatscfaappij   der  WettMiBchappen  te  Haartem.     Deel 
XXV.    ito.— From  the  Society. 
^tei.— Schriften  der  UniTereitat.     Band  XIV.    4to.— ffw»  the 

Univtrtity. 
La  Bai/e. — Archivefl  N^landaiBM  dee  Sciences  Ezacles  et  Nata- 

relles.    Tome  III.    Liv.  1, 2.    8n.—From  the  Society. 
Xe^ii;.— VierteljabisBchrift    der   AatronomiBcfaen     CrceellBchaft. 

Jahrgang  III.  Heft  1,  2.    Svo.—From  tlte  Society. 
£«eclt,— 'Forty-eighth  Seport  of  the  Coancil  of  Philomphtcal  and 

Literary  Society.    8vo. — From  the  Society. 
Leyden. — Annalen  dei  Stemwarte  in  Leiden.     Eister  Band.    4to. 

— Ffom  the  Ohtervatory  of  Leyden. 
lAwer^ool. — Froeeedings  of  the  Literaiy  and  Philosophical  Society 

of  Liverpool.    Nob.  20, 21.    8to. — From  the  Soei^, 
^otwfon.— Proceedings  of  the  Society  of  ArttiqnarieB.     Vol.  III. 
Nob.  3-7 ;  Vol.  IV.  Noa.  1-2.     8vo.— JVw»  the  Society. 
Transactions  of  tbe  Society  of  Antiquaries.     Vol.  XLI. 

Parts  1,  2.     4to.— From  the  Society. 
Journal  of  the  Chemical  Society,     June,  July,  Anguet,  Sep- 
tember, October,  November,  December.    1868.     8vo. — 
From  the  Scd^y. 
Transactions  of  tbe  Clinical  Society.    Vol.  I.    6to.— from 

the  Society. 
JoamaloftheLinnean  Society.  VoI.X.  (Botany)  Noa. 45-47; 
(Zoology)  Vol.  X.  Nob.  41-44.    8vo.— JVwm  the  SoeiHy. 
Transactions  of  the  Linnean  Society.    Vol.  XXV,  Part  1. 

4to. — From  the  Society, 
List  of  tbe  Linnean  Society.   1867.  8to. — From  the  Society, 
Quarterly  Jonmal  of  the  Geological  Society,  Nos.  95,  96, 

and  Liat  of  Members.    8to. — From  the  Sodefy. 
Proceedings  of  the  Uathcmatical  Society.    No.  12.    8vo. — 
From  the  Society. 
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London.    -Proceedings  of  the  Meteorological  Society.     Nos.  37, 38. 
8vo. — From  (Ae  Society. 
Report  of  the  Meteorological  Committee  of  the  Boyal  Society 

for  1857.     8yo.—From  the  Sociely. 
Meteorology.    Beport  on  an  Inquiry  into  the  ConnezioD  be- 
tween Strong  Winds  and  Barometrical  Differences.   Lon- 
don, 1868.    8va. — From  the  Committee  of  &e  MeUoroloj/i- 
cat  Society. 
Proceedings  of  the  Royal  Society.    Vol.  XVI.  Nob.  102- 

105.    8to.— JVotx  tie  Society. 
Transactions  of  the  Royal  Society  of  London.  Vol.  CLVIII. 

Part  1.     4to.— From  the  Society. 
Journal  of  the  Boyal  Asiatic  Society  of  Great  Britain  uid 

Ireland.    Vol.    III.  Part  1.    8T0.--^rom  the  Society. 
Journal  of  the  Boyal  Greographical  Society  of  London.  Vol. 

XXXVII.     8yo.— From  the  Society. 
Proceedings  of  the  Royal  Geographical  Society.    Vol.  XII. 

Nos.  1-5.     8»o. — From  th«  Sociely. 
Proceedings  of  the  Royal  Horticultural  Society.    Tol.  I. 

No.  IL     &Y0.— From  the  Society. 
Proceedings  of  the  Royal  Institution  of  Great  Britain. 

Vol.  V.  Parte  3,  i.    Byo.— From  the  Society. 
Proceedings  of  the  Royal  Medical  and  CMrurgioal  Society. 

Vol.  VI.  No.  2.    8vo.~From  the  Society. 
Journal  of  the  Statistical  Society.    Vol,  XXXI.  Parts  2,  3. 

8to. — From  the  Society. 
Proceedings  of  the  Zoological  Society.   1867,  Part  3 ;  1868, 
Parts  1,  2 ;  and  Index,  184ff-60.   8vo.—FVom  the  Society. 
TraRGactions  of  the  Zoological  Society  of  London.    Vol.  VI. 
Part  5-7.     ito.^From  the  Society. 
Lund. — Lunds   Universitets   Ars-Skrift-Hathematik  och    Natur- 
Tctensliap,  1866-67;  Philosophi  Sprakvetenskap  och  His- 
toria,  1866-67;  Theologi,  1866;  Medici ngka  vetenskaper, 
1866.     Lnnd.     4(0. — From  the  UnivertUy. 
Lyimt. — M^moires  de  I'AcadSmie  Imp&riale  des  Sciences,  Belles- 
Letties,  et  Arts,  de  Lyons.    Classe  des  Sciences,  Tome 
XVI.;   Classe  des  Letlres,  Tome  XIII.     8MQ.—From 
the  Academy. 
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Madrid. — Libroa  del  Saber  de  Aetronomla  del  Eey  D.  Alfonso  X. 

de  Caatilla,  copiladoB,  anotadofl  y  oomentados  por  Dou 

Manuel  Eico  y  Sinoba*.    Tom.  V.  Pt.  1.    JFol.— JVom  the 

Academy  of  Sciencet,  Madrid. 
J(feI5oume.— Statistics  of  the  Colony  of  Victoria  for  the  year  1867. 

Farts  (Interchange);  Part  4  (Law,  Grime,  &c.)    Fol. 

— From  the  AuHralian  Qovemment. 
TraneactionB  and  ProceedingB  of  the  Royal  Society  of  Vic- 
toria.    Vol.  IX.  Part  1.     6yo.— From  the  Sod^. 
MonlpeUier. — MSmoires  AcadSmie  des  Sciences  et  Lettres  de  Mont- 

pellier.     Section  des  Sciences,  Tomes  I.-V.,  Tome  VI. 

Faso.  1.;  de  la  Section  deM£decine,  Tome  III.,  TomelV. 

Faeo.  1, 2;  de  la  Section  des  Lotties,  Tome  III.,  Tome  IT. 

Faec.  1.   4to. — From  the  Academy. 
Motcow, — Bnlletin  de  la  Soci&t^  ImpSriale  des  Naturalietes.      Nob. 

3,  4.     1867.     8to.— JVom  the  Society. 
Muaieh. — Abhandlungen  der  PhilosophiBch-phUalogischen  Glaese 

der  Eiiniglich  BayerischenAkademiedeiWiBse&sohaften. 

Band  XI.  Abth.  2.  Historischen  GlasBC.  Band  X.  Abth.  8. 

4to,— f  iwij  the  Academy. 
MuDchen  Oehalten  in  der  OfiTentlichen  der  E.  Ahademie  der 

Wissenechaften  am  28  Marz  1868,  von  August  Vogol. 

8to. — From  the  Academy, 
Sitzungsberichte  der  £onigl.  Bayer.  Akademie  der  WiBsen- 

schaften  zn  Muncfaen.    Band  II.  Heft  4,  1867;  Band 

I.  Heft  1-34;  Band  II.  Heft  1,  1868.    8to.— from  the 

Academy. 
Almanacb  der  Koniglich  bayerischen  Akademie  der  Wissen- 

Bchaften,  for  1867.     12mo. — From  the  Academy. 
Naples. — Bendiconto  delle  Tomato  e  dei  Lavoridell'Accademiadi 

Scienze  Morale  e  Politiche.   Nov.,  Dec.  1867;  Feb.,  June 

1868.     8yo.—From  the  Academy. 
New  York. — Report  (Annual)  of  the  Regents  of  the  University  of 

the  Stat«  of  New  York,  on  the  Condition  of  the  State 

Cabinet  of  Natural  History.     1863-64-65-66.      8vo.— 

From  the  University. 
Report  (Annual)  of  the  Trustees  of  the  New  York  State 

Library  for  1863  -64-65-66-67.  ivo.—From  the  Tnuteen. 
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Ch^ord. — BesultB  of  Astronomical  and  Meteorological  ObserrationB 

made  at  the  Radoliffe  Observatory  in  the  Yeai  1865. 

Vol.  XXV.     8vo.— f fwn  the  Sadelife  Trvtiea. 
i'am.-^Mgmoires  de  I'Acad^mie  des  Sciences  de  I'Institut  Im- 

p§riat  de  Fiance.    Tome  XXXVII.     Fiemidre  Partie. 

4to. — From  the  Academy. 
Bulletin  de  la  Society  de  G^ographie.     Avril,  Jmn,  Juillet, 

Aout,  Sept.  1868.     8to.— /Vowi  the  Society. 
Annalea  dee  Mines.     Tome   XII.   Liv.  6*  ;    Tome   XIII. 

Liv.  1* .    8vo. — From  the  Eeolea  de»  Mines, 
Nouvelles  ArobiveB  du  Musdnm  d'Histoire  Natnrelle  de 

Paris.    Tome  III.  IV.    ito.—From  the  Maaeum, 
FhHadtlphia. — Philadelphia  Joamal  of  the  Academy  of  Natural 

Sciences  of  Philadelphia.    New  series.    Vol.  VI.  Part  2. 

4to. — From  the  Academy. 
Proceedings  of  the  Academy  of  Natural  Sciences  of  Fbila- 

delphia.    Nob.  1-4.    1867.    8to. — From  the  Academy. 
Proceedings  of  the  American  Philosophical  Society.    Vol. 

X.  No.  77.     8vo.— /Vom  the  Society. 
Salem  (U.S.)— Proceedings  of  the  Essex  Institute.    Vol.  V.  Nos.  5 

and  6.    8to, — Prom  the  XtutHtUe, 
St  Felertbvry. — Bulletin  de  I'Academie  lmp§rial  dee  Soiences  de 

St  Pglersbourg.    Tome  XII.  Nos.  2-5.    ito.-~From  the 

Academy. 
M^moires  de  I'Acad^mie  dea  Sciences  de  St  Pfitersbourg. 

Vll'serie.  Tome  XI.   Not.  9-18.  4to.— fWmi  the  Aca- 

StoitxerJand. — Verhandlnngen  der  Schweizeriechen  Naturforsoheit- 
den  Gesellschaft  in  Bheinfelden.  Am.  9, 10,  and  11  Sept. 
1867.     8vo.—FTtm  the  Society. 

Toronto. — Canadian  Jonmal  of  Indnslry,  Science,  and  Art.  New 
series.     No.  66.     8vo. — From  the  Canadian  ImtitvU. 

Upaala. — Nova  Aota  Begin  Societatis  Soientianim  Upiialiensis. 
Vol.  VI.  Fasc  2.     ilo.—From  Ae  Society. 

rM*wtb.— Statistical  Notes  on  the  Progress  of  Victoria  in  rela- 
tion to  Agriculture  and  Lire  Stock,  from  1835  to  1867. 
Melbourne.  4ta — From  the  Begiitrar-Oeneral  of  Vic- 
toria. 
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FKtorM.— StatisticBl  Register  of  Victoria,  with  AstiODomical  Cftlen- 

dar for  1855.    Melbourne,  1854.  8vo. — FrrnniheStgittrar- 

Oentrai. 
Statistical  Sunimaiy  of  the  Progress  of  the  Colony  of  Vic- 
toria to  the  Year  1865.    Melbouroe,  1865.   8vo.— from  fAe 

BegUtrar-  Qeneml. 
Statistics  of  the  Colony  for  1867.    Parts  1  and  2.    Uel- 

bonme.     ¥o\.^From  the  Rtgittrar-Qenerixl. 
Statistical  Tables  of  the  Colony  of  Victoria.    Fol.    Mel- 

honrne,  1865. — From  the  Regittrar-Oettemt. 
Vienna.  —  Jahrbuch    der   Eaiserlich-Eoniglicben    GeologiBcfaea 

Beichsanstalt.    Band  XVII.  No.  i;  Band  XVIII.  Mos. 

1,2.     8m.— From  the  Society. 
Verbandlungen   der  Kaiseclich-EiJnigUchen  GeologiBchen 

BeioheaQstalt.     1S67,   Nos.    13-18;   1868,   Nos.  1-10. 

— From  the  Society. 
Verbandlungen    der    Eaiserlicb-EDniglicheo    Zoologisch- 

Botanischen  Qesellscbaft  in  Wieu.    Band  XVII.    8?o. 

—From  the  Society. 
Die  Foesilen  Mollueken  des  Tertiiir-beckens  von  Wien  von 

Br  Montz  Homes.    4to. — From  the  Oeol.  Society  of  Vienna. 
Denkscbriften    der    Eaisetlichen  Akademie   der  Wissen 

Bcbaften.   Math.-Nat.  Clasee.  Band  XXVII.   ito.—From 

the  Academy. 
Bitznogsberichte  der  Ealserlicben  Akademie  der  Wiaeen- 

schaftcn.  —  Uatb.-Nat.    Classe  (Mineralogie,   Botanik). 

Band  LVI.  Heft  2-5— Math.-Nat.  Claese.   B.  LVI.  Heft 

a-5,— PhU.-Hiflt.  Classe.   B.  LVI.  Heft  3;  B.  LVII.  Heft 

1.  8vo. — From  the  Academy. 
Wathinglon. — AstroDomy.    Astronomical  and  Meteorological  01>ser- 

vations  made  at  the  United  States  Naval  Observatory, 

during  1865.    4to.    Washington,  1867.— from  the  United 

State*  Qovemment. 
Disnnssion  of  Meteorological  Phenomena  observed  at  the 

U.S.   Naval  ObserTatory,  from  June  1812  to  January 

1867.     ito.— From  the  Obiervatory. 
Moiitlily   Reports  of  the   Department  of  Agriculture  fur 

1866-  67.     8vo. — From  the  Commiuioner, 
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Waihington. — Beport  of  the  GommiBstoDer  of  AgricnltotB  foi  1666. 
8vo. — From  the  Commutioner. 
Twenty-Becond  Annual  Beport  of  the  Board  of  Troatees  of 
the  Public  Schoolei  of  the  Cit;  of  Washington.    1867. 
8to. — From  the  Trwleet. 
Bepoft  of  the  Board  of  Regents  of  the  Smithsonian  Institu- 
tion for  1866,     8vo. — From  Ike  Inttitulion. 
SmitbsoDiaQ  Contributions  to  Knowledge.     Vol.  XV,     4to. 
From  the  Smilhtonian  Irutitution. 
Tschudi  (3.  J.  von).   Die  Eechna-Sprache.   Abtheilung  I.  II.  III. 

Vienna,  1863.     8to.— ^n>in  the  AuAor. 
Vogel  (August).     Deukrede   auf  Heinricb  Angnet  von  Vogel. 

Uunich,  1868. 
Voit  (Carl).     Ueher  die   Theorien   der  Emahmng  der    thier- 

isohen  Organismen.     Mnnich,  1868.    ito.— From  the  AiUhor. 

Watson  (J.  Forbes),   A.M.,   M.D.     Index  to  the  Native  and 

Scientific  Names  of  Indian  Plants  and  Ptoducfae.    London, 

1868.     iUi.—From  the  Author. 

Will  (H.).     Jabtesbericbt  iibei  die  Fortschritte  der  Cbemie,  etc., 

Begister  zu  den  Bericbten  fur.    1857  bis  1866.    8vo.— JVom  the 

Editor. 

Winnettz  (Job.).     Beitrag  zn  einer  Monograpbie  dei  Sciarineo. 

Wien,  1 867.    8vo.— JVwb  the  Author. 
Ximenez  (ELB.P.F.F.).    Las  Historias  dat  Origen  de  los  Indioe 
de  esta  Provincia  de  GuAtemnla,    Vienna,  18fi7.    8vo. — From 
the  Author. 
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PROCEEDINGS 


ROYAL  SOCIETY  OP  EDINBURGH. 

VOL.  VI.  1868-69.  No.  78. 

At  the  firat  ordiuaiy  meeting  of  the  Societ;  on  7tii  December, 
the  Mbkdougall-BriabaDe  Prize,  for  the  Biennial  Fenod  1866-68, 
was  awarded  to  Dr  Alexander  Cmm  Brown  and  Dr  Thomas  Biohard 
Fraaer,  for  their  paper  on  the  Connection  between  Chemical  Con- 
stitntion  and  Pbysiological  Action. 

At  the  Bame  meeting  the  Neill  Prize,  for  (he  Triennial  Period 
186&~68j  was  awarded  to  Dr  William  Carmiohael  U'lotosh,  for  hie 
paper  on  the  British  Nemertoans  and  on  some  new  British  Annelids. 

Monday,  Hh  January  1869. 

Dr  LYON  PLAYFAIE,  O.B.,  M.P.,  Vice-Preaident,  in  the 
Chair,  who  said — 
It  was  my  painful  daty  laat  year  to  allude  to  the  death  of  that 
great  philosopher,  Sir  David  Brewster,  and  within  a  few  months 
we  have  now  to  deplore  the  loss  of  another  philosopher,  also  great 
— I  need  not  say  that  I  allude  to  Principal  Forbes.  This  Society 
is  intimately  identified  with  his  life  and  labours.  Long  our  Secre- 
tary, he  did  all  that  was  in  hie  power  to  promote  its  success.  As  a 
man  of  science,  we  are  too  intimate  in  this  place  with  his  researches 
to  render  it  neceesary  that,  on  the  present  occasion,  I  should  make 
a  detailed  allusion  to  them.  His  early  and  his  latest  researches 
were  upon  heat.  He  established  the  polarisation  and  double  refrac- 
tion of  the  heat  ray,  and  proved  the  identity  of  thermal  and  tumi- 
noue  radiatione.  Hie  last  published  research  is  upon  the  conduc- 
tion of  heat  by  iron.  In  this  be  bos  established  (hat,  like 
electricity,  heat  posses  more  slowly  through   a  bar  of  elevated 
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temperature  than  through  one  which  is  cold.  He  also  showed  how 
the  absolute  conductivity  of  a  metal  for  heat  might  be  measured. 

But  it  is  piobablj  in  connection  with  his  reeearcheB  on  glacien 
that  Forbes's  name  is  beat  known  to  the  general  public.  His  first 
Memoir  on  the  veined  or  ribboned  Btructure  of  Ice  was  published 
in  our  TransactioDS  in  December  1841,  Reading  that  memoir 
with  the  light  of  recent  researches,  we  rise  profoundly  impressed 
with  the  accurate  observations  and  clearaess  of  judgment  of  their 
author.  As  he  himself  observes  in  that  paper,  it  is  astonishing 
how  little  we  see  until  we  are  taught  how  to  observe.  This  veined 
fitracture  of  glaciers  is  intimately  connected  with  their  mode  of 
formation,  and  with  the  remarkable  phenomena  which  render  them 
so  interesting  to  all  investigators ;  and  yet  no  one  observed  with 
the  eyes  of  science  this  important  veined  structure  until  Forbes 
described  it.  Even  with  the  new  experiments  of  James  ThomBon 
on  the  lowering  of  the  freezing  point  of  ice  under  preeaure,  and 
of  those  of  his  brother,  Sir  William  Thomson,  on  the  rupture  pro- 
duced in  a  viscons  solid  by  continued  Bhearing,  we  could  scarcely 
at  the  present  day  observe  the  phenomena  more  accurately  than 
was  done  hy  Forbes  twenty-nine  years  ago,  or  connect  them  mora 
lucidly  with  the  occurrence  and  position  of  the  cracks  and  crevasses 
of  the  glacier. 

But  this  and  all  his  anbaequent  researches  on  the  motions  of 
glaciers  as  a  viacous  mass  exhibit  the  peculiar  characteristic  of 
Forbes's  mind — scrupulous  consvientlousDess  in  his  scientific 
labours,  Bcmpulous  conscientiousDese  in  bis  life  as  a  man. 

It  is  not  my  duty  to  say  more  than  I  have  done;  but  at  the  first 
meeting  of  the  Society  which  has  occurred  after  bis  death,  I  thought 
it  right  to  allude  to  our  own  lose;  and  I  now  move  that  the  Society 
instruct  the  Council  to  express  to  Hra  Forbes  and  her  family  our 
sympathies  for  their  bereavement,  and  our  sense  of  the  loss  which 
science  has  sustained  by  the  death  of  thia  distinguished  philo- 
sopher. 

FrofesBor  Jeukin,  at  the  request  of  the  CouDcil,  delivered 
aQ  Address  on  Cable  Teethig. 
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The  following  Communications  were  read : — 

1.  Ifotice  of  a  Heart  in  wliich  the  Superior  Vena  Cava 

poesessed  a  Valve  at  its  Auricular  Orifice.     By  Professor 

Turner. 

Whilst  examioing  tbe  heart  in  the  body  of  one  of  the  male  Buh- 
Jects  undergoing  diasection  in  my  practical  rooms,  in  the  early 
.part  of  this  sesaioD,  the  large  size  and  fenestrated  condition  of  the 
Eustachian  valve  attracted  my  attention.  When  the  heart  was 
removed  from  the  body,  and  the  auricle  submitted  to  a  more  care- 
ful scrutiny,  I  observed  that  a  valve  was  situated  at  the  mouth  of 
the  superior  vena  cava. 

As  I  have  not,  up  to  this  present  time,  seen  any  record  in  the 
various  anatomical  works  which  I  have  consulted  of  the  existence 
of  a  valve  in  this  locality,  I  am  induced  to, bring  the  specimen 
before  the  notice  of  the  Society. 

A  membranous  valve,  formed  by  a  reduplication  of  tbe  endocardial 
lining  membrane,  lay  across  the  anterior  and  inner  border  of  the 
auricular  orifice  of  the  superior  vena  cava,  and  hung  pendulous  in 
the  auricular  cavity.  It  measured  1^  inch  in  its  long  or  transverse 
diameter,  but  was  scarcely}  an  inch  deep;  sothat  when  drawn  across 
the  mouth  of  tbe  vein,  it  did  not  cover  over  much  more  than  one 
third  of  the  orifice.  Its  free  border  was  almost  straight.  The 
attached  border  was  semilunar  in  form,  and  connected  to  tbe  wall 
of  tbe  auricle,  close  to  its  line  of  junction  with  the  anterior  wall 
of  the  vein,  not  by  a  continuous  membrane,  but  by  numerous 
slender  fibroua  bands.  Between  these  bands  were  apertures  of 
various  sizes,  one  of  which,  larger  than  the  rest,  was  situated  at 
the  upper  and  inner  part  of  the  valve,  which  consequently  had  a 
fenestrated  appearance.  From  theouter(right)endof  the  valve,  and 
continuous  with  its  free  border,  a  fibrous  cord  (*)  arched  downwards 
beneath  the  lining  membrane  of  the  right  wall  of  tbe  auricle, 
and  became  continuous  with  the  right  border  of  the  Eustachian 
valve.*  The  inner  (left)  end  of  tbe  valve  was  connected  to  a  short 
papillary  muscle,  which  was  continuous  with  the  muscular  wall  of 

*  Since  the  spocimeu  «u  Bhowu  to  the  Sooiety  1  have  teeogaiaoi  la  two 
hearts,  which  have  come  aodet  my  notice  in  mj  diasectiog  loom,  a  iimilu 
flbroua  cord,  ntendtng  from  the  Guetscliian  valve  along  the  right  poatenoc 
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the  aaricle.    There  did  not  appear  lobe  any  defioieno;  in  the  thick- 
ness of  the  muscular  coat  of  the  superior  cava. 

The  Eustachian  valve  projected  for  npwards  of  an  inch  into  the 
anricular  cavity,  and  presented  in  a  remarkable  degree  the  fenes- 
trated character  which  that  valve  occasionally  exhibits  in  the 
adnlt  heart.  At  its  left  extremity  it  subdivided  into  two  parts, 
one  of  which  passed  in  the  usual  way  to  the  auricular  septum, 
and  became  continuous  with  the  annnlus  ovalis,  whilst  the  other 
was  blended  with  the  valve  at  the  mouth  of  the  coronary  bidos, 
which  also  exhibited  a  fenestrated  appearance. 


A.  Aorta.  P.  PalmoaiiT;  artery.  SC.  Snperior,  and  IC.  Inferior  cava. 
•  The  flbrona  cord  conneetlng  the  two  Tftlvea.  0  Ooronor;  rinna.— From  a 
ihauing  of  iSe  tptifsen  by  Mr  T.  D.  Sidiol^m. 

Owing  to  its  fenestrated  condition,  and  small  size,  when  com- 
pared with  the  orifice  of  the  superior  cava,  it  is  obvious  that  the 
Valve  situated  at  the  mouth  of  that  great  vein  could  have  had 
'  hut  little  influence  in  preventing  the  regurgitation  of  blood  during 
the  contraction  of  the  auricle  in  the  adult  heart.  But  it  is 
prohEtble  that  in  the  foetal  stage  of  this  heart  the  backward  flow 

wall  of  the  anride,  almost  aa  far  as  the  orifice  of  the  superior  cava,  bnt  no 
valve  existed  at  the  mouth  of  the  gnperior  cstb. 
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into  the  vetn  would  have  been  very  coDeiderably  impeded  by  its 
presence;  for  there  is  reasoo  to  believe  tbat  the  fenestrated  state, 
not  only  of  this,  bat  of  the  other  Talves  at  the  months  of  the  grsat 
veins,  is  dne  to  atrophy  taking  place  after  birth.  As  the  mnacnlar 
coat  of  the  superior  cava  possessed  its  nsnal  thiolcnees,  the  valve 
was  obvionsly  not  developed  to  compensate  for  any  deficiency  in 
that  portion  of  the  wall  of  the  great  vein. 

As  the  Eastacbian  valve  at  the  mouth  of  the  inferior  cava  serves 
in  the  foetos  to  direct  the  current  of  blood  pssBtng  upwards  along 
that  vein  through  the  foramen  ovale,  it  is  possible  that  the  valve 
at  the  month  of  the  superior  cava  may  have  exercised  some  directs 
ing  effect  on  the  blood  which  entered  the  auricle  by  the  latter 
vessel.  From  its  position  it  would,  I  think,  have  directed  the 
blood  of  the  superior  cava  away  from  the  auricular  septum,  and 
thus  have  aided  in  preventing,  during  the  foetal  condition,  the 
mingling  of  the  blood  of  the  two  cavie  in  the  auricular  cavity. 

The  oocurrenoe  of  such  a  valve  is  not,  however,  of  interest 
merely  in  its  physiological  relations :  it  possesses  also  a  morpholo- 
gical value.  For  it  may  bo  regarded  ae  preeenting  in  the  human 
heart  a  rudimentary  exunple  of  an  arrangement  which  is  met  with 
in  the  heart  of  the  bird.  If  the  heart  of  a  large  bird,  e.ff.,  the 
ostrich  (Strutkio  camelva),  be  examined,  it  may  be  seen  that  the 
sinus,  into  which  the  veD»  cavie  open,  is  separated  from  the  auricle 
proper  by  a  large  double  muscular  valve.  The  right  segment  of  this 
valve  is  related  not  only  to  the  month  of  the  right  superior  cava, 
but  extends  down  the  wall  of  the  auricle  to  the  mouth  of  the  inferior 
cava,  and  is  then  prolonged  as  f ai  ae  the  month  of  the  left  supe- 
rior cava,  which  may  be  regarded  as  representing  in  position  the 
coronary  vein  in  the  human  heart.  Nov,  in  this  specimen  it  will 
be  remembered  that  the  valve  at  the  month  of  the  superior  cava 
was  continued,  through  the  intermediation  of  a  fibrous  oord  (*),  into 
the  Eustachian  valve,  and  that  the  latter  again  wasdireotly  united 
with  the  valve  at  the  mouth  of  the  coronary  sinus. 

As  additional  illustrations  of  the  tendency  to  the  development 
of  Tudtmental  stmctures  in  this  individual,  it  is  of  interest  also  to 
mention  that  he  had  in  each  upper  arm  a  jtroeeasua  tupra-eondy- 
loideus  humeri  intemus,  the  relations  of  which  to  the  supra-condy- 
loid  foramen  of  various  of  the  maininalia,  more  espeoially  ttf  the 
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camivora,  was  described  in  1839  b;  A.  W.  Otto,  and  in  1840  and 
1841  by  Bobert  Enox,  and  manjr  exaraples  of  which  have  siDce 
that  time  been  recorded  by  other  anatomists.  From  the  tip  of 
this  process  a  baud  of  fascia  paased  down  to  the  inner  condyle,  bo 
OB  to  complete  tbe  boundary  of  the  foramen,  through  which  the 
median  nerre  and  the  nlnar  artery  passed  ;  for  in  both  upper  armB 
a  high  divieion  of  the  brachial  artery  hod  taken  place;  and  whilst 
the  radial  branch  closely  followed  tbe  inner  border  of  the  hicepe, 
the  alnar  was  deflected  from  its  conree,  and  passed,  along  with  the 
median  nerve,  behind  tbe  snpra- condyloid  process. 

2.  On  the  Motion  of  a  Pendulum  affected  by  the  Botation 
of  the  Earth  and  other  Disturbing  Causea.  By  Professor 
Tait. 

(AbttToct.) 

1.  Let  a  be  the  vector  (from  the  earth's  centre)  of  the  point  of 
suspension,  X  its  inclination  to  the  plane  of  the  equator,  a  the 
earth's  radius  drawn  to  that  point ;  and  let  the  unit  vectors  t,  j,  k 
be  fixed  in  space,  so  that  t  is  parallel  to  the  earth's  axis  of  rotation ; 
then,  if  u  he  the  angular  velocity  of  that  rotation 

a  =  a[«BinX+(;co8qi(  + fcain«e)cosAJ      .     .     (1). 

This  gives 

a  =  (»»(  — y  sin  o)t  +  A  cos  o)()  cos  \ 

=  u  Vw (2). 

Similarly 

a  =  <oVtd=  -<B'(n-oiainA)   .     .     .     .     (3). 

2.  Let  p  he  the  vector  of  tbe  bob  m  referred  to  the  point  of  sna- 
pension,  K  the  tension  of  the  string,  then  if  a,  he  the  direction  of 
pure  gravity 

m(«  +  /O  =  -  mjUa,  -  EUp      ....     (4), 
which  may  be  written  . 

Vpa+  Vpp  =  ^Va,p (5). 

To  this  must  be  added,  since  r  (the  length  of  the  string)  is  con- 
stant, 

Tp-r (6), 

and  the  equations  of  motion  are  complete. 
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8.  These  two  eqnatioDe  (5)  and  (6)  cantaiD  every  possible  case 
of  the  motion,  from  the  most  infinitesimal  oscillatioDB  to  the  most 
rapid  rotation  about  the  point  of  suspension,  so  that  it  is  necesBary 
to  adapt  different  processes  for  their  solution  in  different  cases.  In 
this  abstract  we  take  only  the  ordinary  Fouoanlt  case,  to  the  degree 
of  approximation  usually  given. 

4.  Here  we  neglect  terms  involving  u*.    Thus  we  write 
a  =  0, 
and  we  write  a  for  a„  as  the  difference  depends  upon  the  elliptioity 
of  the  earth.    Also,  attending  to  this,  we  have 

P--1-  +  '       ■    (7). 

where  (by  (6)) 

Sa-  =  0, (8), 

and  terms  of  the  order  v*  are  neglected. 
With  (7),  (6)  becomes 

so  that,  if  we  write 

«=•• (9) 

we  have 

VaCi  +  nV)  =  0 (10> 

Now,  the  two  vectors 

ai  -  a  sin  X     and  \ia 
have,  as  is  easily  seen,  equal  tensors ;  the  first  is  parallel  to  the  line 
drawn  horizontally  nortAtoanb  from  the  point  of  Bnspenaion,  the 
second  horizontally  tattwardt. 
Let,  therefore, 

V  =  «(«'  -  asinX)  +  y  Vio (11), 

which  (fl!  and  y  being  very  small)  is  consistent  with  (6.) 
From  this  we  have  (employing  (2)  and  (3),  and  omitting  w*) 
w  =  i(a*-aBiDX)  +y  V»o  -JWBinX Via  -  y<i>(o  -  aisinX), 
w  =  x(ai  -  asiaX)  +  y  Via  -  2x<0BinXVta  -  2yu>(a  -  ai  sin  X). 
With  this  (10)  becomes 

Va[i(a>~a>iDU  +  rVJa-£tB^XVia-3yu(ii-«>lll>J+i^z(ai-a^U  +  >t^V(a]sC 
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01,  if  we  note  that 

V.a  Via  *  a(ot  -  o  sin  X), 
(-{b'-2y(iiBiii>-n'g!')aTM  +  (jf-2xw8iDX+n*y)a(ai-aBUiA)=0. 
This  given  at  ouce 

(B  +  n'«;  +  2usrflinX-0) 

y  +  n'y  -  2iui  sin  X  =  0  I ^     ^' 

which  are  the  equations  nsnally  obtained ;  and  of  which  the  soln- 
tioo  is  B8  foUowB  :— 

If  we  tianaform  to  a  set  of  axes  leToMng  in  the  horizontal 
plane  at  the  point  of  BOBpension,  the  diieotion  of  motion  being 
from  the  positive  (northward)  axis  of  a:  to  the  positive  (eastward) 
axis  oty,  with  angular  velocity  O,  bo  that 

«!  =  fcosOt-,j8inOt) 

y  =■  fsiune  +  ijcoBntj     ^   '' 

and  omit  the  terms  in  Q*  and  in  uQ  (a  prooeas  jnatified  by  the 
resalts,  tee  equation  (1^5})i  we  have 


(f  +  »'^008O(-(ij  +  »•!))  sin  0(  -  2^(0  -  u  Bin  X)  =  0  I 
(l  +  »*08inO(  +  (7  +  nS,)c08»+2f(O-usinX)  =  0j 

So  that,  if  we  pat 

QsusinX 

we  have  simply 


ij  +  nV- 


(14). 

.(16). 
■  (16). 


the  nsoal  eqaations  of  elliptic  motion  about  a  ceatie  of  force  in  the 
centre  of  the  Ellipse. 

S.  Id  the  paper  this  problem  is  treated  with  a  closer  approxima- 
tion, terms  in  u*,  &c.,  being  retained.  The  conical  pendulum — the 
path  of  the  bob  being  very  nearly  a  horiEontal  circle,  i.e.,  the  tension 
of  the  cord  being  nearly  constant — is  next  treated ;  then  the  case 
of  very  great  angular  velocity,  when  the  path  is  nearly  a  circle 
(in  any  plane)  with  centre  at  the  point  of  suspension.  A  few  sec- 
tions are  devoted  to  the  consideration  of  the  eSeot  of  a  disturbing 
body,  such  as  the  moon  or  the  sun. 
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The  follow  i  Dg  Oeotlem  en  were  elected  Fellows  of  the  Society; — 
IsAAo  Andbrbon-Henst.  Esq. 
OiOBai  Eldbk.  Eaq. 
Bit  CsABLBS  A.  Haktlet,  C.E. 
Datid  UacOibboh,  Esq. 
Bey.  Tbohab  Hblvillb  Ravbn,  H.A. 
Albzahpbb  Eowb,  Esq. 
YUcanDt  Waldbn. 
ProfesBar  Alexander  Dickbon. 

Monday,  I8th  Janwary  1869. 
Pbofksbob  KELLAND,  Vice-President,  in  the  Chair. 
The  foUowing  Communications  were  read : — 

1.  On  the  Connection  between  Chemical  Constitution  and 

Physiological  Action. 
On  tiie  Physiological  Action  of  the  Salts  of  the  Ammonium 

Bases  derived  from  Atropia  and  Conia.    By  Dr  A.  Crum 

Brown  and  Dr  Thomas  R  Fiaser. 

^tropta.— Atropia  is  a  nitrile  base.  All  we  know  of  its  oonetl- 
tntion  is,  that  by  the  aotiou  of  strong  acids  and  bases  it  is  decom- 
posed, in  Bocordance  with  the  equation.* 

C,^„NO,     +  H,0     =  C^,„0.     +  C^„NO 
Atropia.  W»tor.       Tropic  Acid.  Tropia. 

So  that  atropia  may  be  considered  as  tiopia,  in  which  one  atom  of 
hydrogen  has  been  replaced  by  tropyl,  the  radical  of  tropic  acid. 
Tropic  acid  belongs  to  the  aromatic  series,  and  is  considered  by 
Kraut  to  be  phenylsaroolactic  acid— HO  ■  CH,-  OH(C^JCOOH. 
Of  the  constitution  of  tropia  we  know  nothing  whatever,  except 
that  it  is  a  nitrile  base. 

Iodide  of  methyl-atropium. — Iodide  of  methyl  acta  very  readily 
on  atropia,  a  good  deal  of  heat  is  produced,  and  after  the  reaction 
is  over,  the  iodide  of  methyl-atropinm  remains  as  a  white  masB. 
From  this  the  excess  of  iodide  of  methyl  was  removed  by  a  current 
of  air,  and  the  dry  salt  dlBsoWed  in  water,  filtered,  and  evaporated 
at  a  temperature  not  exceeding  40°  G.  The  concentrated  solution 
thus  obtained,  on  cooling,  deposits  the  salt  in  prismatic  crystals, 
apparently  belonging  to  the  monoclinic  system ;  sometimes  part  of 

■  Eiant.— Annalen  der  Ob.  n.  Ph.,  cxzriiL  280,  exzxiii,  87,  oxlTiii.  2SS. 
Loum.~Ib.,  tsELti,  48,  esuTiil.  2S0. 
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the  bbU  separates  as  a  heavy  oil,  which  soon  cTystalliseB.  Theee 
crystals  have  the  composition  C|,HaNO,CH,I.  They  are  tolerably 
Btable,  beaiiDg  a  temperature  of  100°  C.  without  much  alt«iatioD. 
When  they  are  powdered,  or  when  their. solution  is  warmed,  a 
pleasant  fruity  smell  is  observed. 

SvJ^hate  tf  methyl-atropium. — The  sulphate  was  prepared  from 
the  iodide  by  tho  method  formerly  described  for  the  preparation  of 
sulphate  of  m ethyl- strychnium,  &c.  It  is  a  white  crystalline  salt, 
very  deliquescent,  and  very  soluble  in  water. 

Iodide  of  ethyl-atropium, — Iodide  of  ethyl  acte  readily  on 
atropia,  hut  not  so  energetically  as  iodide  of  methyl.  In  prepuiug 
the  iodide  of  elbyl-atropium,  atropia  was  treated  with  a  consider- 
able excess  of  iodide  of  ethyl  in  sealed  tubes  at  100°  C.  for  an  hour. 
The  remainder  of  the  process,  and  the  preparation  of  the  sulphate, 
are  the  same  as  in  the  case  of  the  methyl  derivative. 

The  qnthors  intend,  on  some  future  occasion,  to  describe  these 
Bubstances  more  minutely ;  for  their  present  purpose,  the  descrip- 
tion given  above  seems  sufGcieot. 

Atropia  has  a  somewhat  complicated  physiological  action,  for  it 
directly  influences  the  functions  of  the  cerebro-spinal,  and  also  of  the 
sympathetic  nervous  system. 

The  action  of  the  methyl  and  ethyl  derivatives  on  the  cerebro- 
spinal nervous  system  is  different  from  that  of  the  natural  base, 
while  the  action  on  the  sympathetic  system  is  essentially  the  same. 

The  principal  effects  produced  by  atropia  on  the  ceiebro-spinal 
nervous  system  are  excitation  of  the  spinal  cord,*  and  paralysis  of 
the  motor  and  sensory  nerves.  In  a  previous  paper,  the  authors 
showed  that  the  spinal  stimulant  action  of  strychnia,  bnicia, 
thebaia,codeia,  and  morphia,  is  not  possessed  by  the  salts  of  the  am- 
monium bases  derived  from  these  alkaloidsfbut  that  in  its  place  these 
derivatives  possess  a  markedly  different  paralysing  action  on  the 
peripheral  terminations  of  motor  nerves.  They  now  announce  that 
a  similar  change  occurs  in  the  methyl  and  ethyl  derivatives  of 
atropia.  These  derivatives  are  more  powerful  j>aratyeing  substances 
than  atropia  itself. 

A  considerable  amount  of  spinal  stimulant  and  of  paralysing 
action  may  be  produced  by  a  non-fatal  dose  of  atropia ;  and  it  is 
•  See  Proced.  Roy.  Soc.  of  Ed.  vol.  ri.  1868-69,  p.  4M. 
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probable  tbat  the  one  action  is,  to  a  certain  extent,  antagonistic  to 
the  other.  An  the  methyl  and  etbyl  derivatives,  bowever,  combine 
with  the  ordinary  paral  jeing  action  of  atiopia,  an  additional  amonnt 
of  paralysing  action  bearing  eome  ratio  to  the  absent  spinal  stimul- 
ant action  of  the  natural  base,  these  derivatives  affect  the  motor 
nerree  much  more  powerfully  than  atropia  itself.  Probably,  for  these 
reaHcns,  the  salts  of  methyl-  and  ethyl- at ropium  are  fatal  to  the 
lower  animals  in  much  smaller  doses  than  the  salts  of  atropia  itself. 

Paralysis  of  the  vagi  nerves  and  dilatation  of  the  pupil  are 
caused  by  these  derivatives  of  atropia. 

CWh>.— The  alkaloid  prepared  from  Conium  maculatvm  (hem- 
lock) has  been  shown  by  Von  Planta  and  Eekal^*  to  be  a  variable 
mixture  of  two  bases,  to  which  they  give  the  names  of  "  conia  "  and 
"  methyl-con ia."  These  bases  resemble  one  another  very  closely  in 
physical  properties.  Their  composition  is  represented  by  the 
formnlte  C^„N  and  C,H,^.  The  chemists  above  named  investi- 
gated very  completely  the  action  of  iodide  of  ethyl  on  conia,  and 
proved  that  oooia  (or,  as  it  is  called  in  the  present  paper,  normal 
CMiia)  is  an  imide  base,  and  that  methyl-conia  is  a  nitrile  base. 

The  substances  examined  in  the  present  paper  are : — 

lit,  GimMi— samples  of  which  were  obtained  from  Messrs  Duncan 
and  Flockbut,  Uacfarlan  &  Co.,  and  Horson.  The  authors  are  also 
indebted  to  the  kindness  of  Dr  Christison  for  the  opportunity  of 
examining  the  action  of  a  specimen  of  conia  which  he  prepared  in 
the  year  1835. 

2d,  Methyl-conia — prepared  from  hydriodate  of  methyl-conia, 
produced  by  tho  union  of  iodide  of  methyl  and  normal  conia. 

And  id,  Salta  of  dimethyl-eonivm^-ohttdueA  by  the  union  of 
iodide  of  methyl  and  the  methyl-conia  contained  in  conia  as 
obtained  fiom  the  plant. 

Iodide  of  methyl  acts  readily  upon  conia,  prodncing  a  syrupy 
or  crystalline  snbstanoe,  which  is  a  mixtnre  of  hydriodate  of  methyl- 
conia  aud  iodide  of  dim  ethyl-con  ium, — the  former  produced  from  the 
Qonnal  conia,  and  the  latter  from  the  methyl-conia.  The  action  of 
caustic  potash  decomposes  the  hydriodate  of  methyl-conia,  setting 
the  base  free,  while  the  iodide  of  dimethyl-conium  is  unattacked. 
The  two  substances  can  thus  he  readily  separated  from  each  other. 
*  Anualen  der  Obemle  nud  FhamiBcie,  Izxiix.  6, 
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The  ttntlion  find  that  the  Baits  of  oooia  and  of  metb;I-«oaia  very 
clooely  reediuble  e«ch  other  id  action  and  in  poiaonona  activity. 
Their  action  agrees  with  the  deecriptions  of  the  effeots  of  conia  bj 
the  more  tmatworthy  of  previoiu  obaervers.  Among  the  most 
obviouB  of  the  effects  on  rabbits  were  stiSneeB  of  the  limbs,  causing 
difficulty  in  moving  about;  Bpaamodio  etarta;  diBtinct  increase  of 
reflex  excitability;  gradually  increasing  paralyBie  with  dimiuutioD, 
and  afterwards  disappearance,  of  the  increased  refiex  excitability ; 
and,  fioally,  deatb  by  asphyxia.  Shortly  before  death  a  few  starta 
and  feeble  convnlsionB  nsually  occurred,  but  these  symptoms  were 
apparently  caused  by  the  advancing  asphyxia. 

The  eymptome  in  frogs  were  mainly  those  of  paralysis,  and  the 
anthoTS  confirm  the  observations  of  Kdlliker  and  Gnttmann,  that 
this  paralysis  in  the  case  of  ordinary  conia  is  due  to  a  cnrare-like 
action.  They  further  find  that  methyl-oonia  also  acts  by  paralysing 
the  terminations  of  motor  nerves. 

The  salts  of  dimethyl-conia  differ  from  those  of  conia  and  of 
methyl-conia  in  never  directly  producing  convnlsant  effects  or 
other  symptoms  of  abnormal  activity  of  the  reflex  function,  and  in 
beingmtich  less  active  as  poisoDs.  In  rabbits  and  frogs,  the  symp- 
toms were  invariably  those  of  paralysis;  and,  in  the  latter  animal,  the 
anthore  have  demonstrated  that  this  paralysis  is  due  to  an  action  on 
the  terminations  of  the  motor  nerves. 

The  samples  of  conia  which  have  been  examined  by  the  antbora 
were  found  to  contain  very  varying  proportions  of  normal  conia 
and  of  methyl-conia;  bnt  as  these  two  substances  appear  to  be 
about  equally  active  as  poisons,  it  is  probable  that  the  very  variable 
potency  of  commeroial  conia  is  due  to  its  adulteration  with  agieater 
or  less  amount  of  water,  and,  posaibly,  also  to  the  presence  of 
varying  quantities  of  ammonia.* 

■  Wh«a  th«  muthon  hsd  nsarl;  conolnded  tbsii  iavBstigttiou  on  oonia, 
they  rAceived  aoommnnicationfromHU.  Joljetuid  Cahonrs  of  Paris,  inform- 
ing  them  that  these  phyBiologiata  were  ready  to  puhlish  ■  paper  upon  tlie 
iBlative  aotiou  of  the  nXta  of  canjoii,  ethfl-conia,  and  diethyl-oonium.  In  order 
In  lacare  aimoltaQeoxia  publication,  it  wu  atrangBd  that  the  two  papen  Bhanld 
be  nommiuii rated  on  the  aame  day — the  one  to  the  Academy  of  Soieucea  of 
Fwis,  and  the  other  to  this  Society. 


ny  Google 


o/Edinbt^h,  Session  1868-69.  465 

2.  Note  on  the  Determination  of  Heights,  chiefly  in  the 

Interior  of  Continents,  from  Observations  of  Atmospheric 

Pressure.     By  Alexander  Buchan,  M.A.,  Secretary  of  the 

Scottish  Meteorological  Society. 

Tbe  veight  or  presBUie  of  the  atmoaphere  is  asceTtained  by  the 
mercurial  batometer,  the  aneroid,  or  from  the  temperature  of  tbe 
boiling  poiDt  of  water.  The  height  of  a  hill  ia  measured  baro- 
metrically, from  observatioDB  made  BimnltaueouHly  at  its  base  and 
top,  and  the  appUcatioD  of  certain  well-knowD  fonnulsa.  The 
height  of  a  place  at  do  great  distance  from  another  place  vhose 
height  ifi  known,  and  at  which  obeervations  are  made  about  the 
eame  time,  may  eimilarly  be  ascertained  with  a  close  approximation 
to  the  truth. 

But,  with  regard  to  places  far  from  any  place  of  koown  elevatioD, 
or  from  any  place  at  which  meteorological  obserrations  are  made, 
it  is  plain  that  the  height  can  only  be  compnted  by  assuming  a 
certain  pressure  as  the  sea-level  pressure  at  that  place. 

In  tbe  Table  giving  the  reductions  of  heights  from  Captain 
Speke's  observations,  it  is  stated  (Journal  of  the  Boyal  Gteograpbical 
Society,  voL  xxxiii.)  that  a  mean  pressure  of  2992  inches  was 
assumed  as  the  mean  sea-level  pressure, — that  is,  if  those  parts  of 
Africa  visited  by  Speke  had  been  on  the  same  level  with  the  sea, 
it  is  assumed  that  the  mean  pressure  of  the  atmosphere  would  have 
been  29' 92  inches. 

In  the  last  revised  "Hints  to  Travellers,"  prepared  by  the  Boyal 
Oeographical  Society,  and  published  in  tbe  Jourual,  vol.  xxxiv.,  it 
is  stated  at  page  286,  "When  tbe  bailing  point  at  tbe  upper 
station  alone  is  observed,  we  may  assume  30'00  inches,  or  a  little 
less,  as  the  average  height  of  the  barometer  at  tbe  level  of  the  sea. 
Tbe  altitude  of  the  upper  station  is  then  at  once  approximately 
obtained  from  the  tables."  So  far  as  I  have  been  able  to  ascertain, 
this  mean  height  of  tbe  barometer  baa  been  generally  accepted  by 
travellers  as  applicable  to  all  seasons,  and  to  all  parts  of  the  globe  at 
great  distances  from  Meteorological  Observatories.  Unfortunately,  it 
has  hitherto  been  generally  the  practice  for  travellers,  or  those  who 
have  been  intrusted  with  reducing  their  observations,  to  give  only 
the  hoiglits  deduced  from  the  observations,  with  a  curious  minute- 

,  ,,  Google 


466  Proceedings  of  the  Soyal  niooieiy. 

seBs  of  accuracy,  and  not  the  obeervationB  themaelveB.  Since  the 
tables  which  have  been  prepared  for  traTellers  are  calculated  on  the 
asBDrnption  that  29-92  incbee,  or  300  inches,  is  the  zero  point  for 
heights,  there  can  be  little  doubt  that,  by  this  method,  the  heights 
of  many  plateaux  and  mouDtaine  of  the  globe  have  thus  been 
detennined. 

From  my  pt^Mr,  read  before  this  Society  in  March  1868,  on  the 
Mean  PresBure  of  the  Atmosphere  over  the  Globe,  iUuBtrnted  witb 
three  charts,  showing  the  Mean  Itobaric  Curva  for  July,  January,  and 
the  year,  it  may  be  seen  that  a  preesure  of  tmm  29*9  to  30*0  inches 
is  very  near  the  mean  annual  pressure  over  the  greater  part  of  the 
globe,  particalarly  over  th<»e  portions  of  it  explored  by  travellers. 
Bat  when  we  examine  the  mouths,  it  is  at  once  appareot  that  29-9 
inches  is  very  far  from  the  mean  pressure  in  many  regions.  This 
point  will  be  illustrated  by  the  pressures  at  Barnaul,  Siberia,  which  on 
an  average  of  19  years  atS,  rednced  to  32°  and  sea-level,  as  follows : — 
Mean  atmospheric  pressure  at  Barnaul  in  July,  29'536  inches. 
„  „  „  January,  30-293     „ 

„  „  „  Year,       29954     „ 

Suppose,  now,  it  be  proposed  to  ascertain  the  height  of  Lake  Balkash 
on  some  day  in  July,  the  pressure  at  the  time  beiog  the  average 
of  the  month.  Let  the  observed  pressure  be  28'8  inches  rednced  to 
32°  F.,  and  the  temperature  of  the  air  he  70°'0,  then  if  the  sea-level 
pressure  be  assumed  to  be  29-9  inches,  it  is  plain  that  the  difference 
due  to  height  is  1-10  inches;  in  other  words,  the  height  of  the  lake 
vonld  be,  in  round  numbers,  1080  feet.  But  since  the  sea-level 
pressure  of  this  locality,  which  is  nearly  that  of  Barnaul,  is  29'536 
inches,  the  difference  of  pressure  due  to  height  is  only  0736  inoh ; 
the  height,  therefore,  is  only  about  730  feet.  Again,  if  in  January, 
when  the  barometeris  the  mean  of  tbe  month,  the  pressure  at  Lake 
Balkash  was  observed  to  be  29-12  inches,  and  the  temperature  of  the 
air  l°-0,  assuming  that  29-9  inches  is  the  mean  sea-level  pressure  of 
January, 0-48  inch  is  the  difference  ofpreseure  due  to  height — thatis, 
tbe  lake  is  about  400  feet  above  the  sea.  But  since  tbe  mean  pressure 
is  nearly  303  inches,  088  inch  is  the  pressure  due  to  height;  the  lake 
is  therefore  uearly  730  feet  above  the  sea.  Thus  in  July  the  lake 
would  be  made  350  feet  too  high,ai]d  in  January  330  feet  too  low — the 
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ditference  of  ihe  two  abservationB,  eaob  being  here  supposed  to  be 
taken  under  the  most  favourable  oircumstances,  and  witb  the  greatest 
accuracy,  being  680  feet.*  ObaerratiouB  made  in  the  first  half  of 
April,  or  in  the  latter  half  of  October,  when  the  ptesBuro  is  the  mean 
of  the  year,  eupply  the  best  data  for  the  t^aioulation  of  heights.  .  i 

If  the  best  physical  atlases  be  examined,  and  the  heights, 
given  by  different  authorities,  of  table-lands  and  mountains,  of 
Central  Asia,  Central  Africa,  and  the  highlands  of  the  United 
States  and  British  America  be  compared,  considerable  confusion 
will  be  fonnd  to  prevail. 

One  or  two  examples  may  be  given  to  show  the  application  of  all 
this.  From  harometrio  observations  made  on  the  28tb  November 
1838,  the  level  of  the  Dead  Sea  below  that  of  the  Mediterranean 
was  calculated  to  be  1429  feet.  The  real  depth  of  this  sea  below 
the  level  of  the  Mediterranean,  as  determined  by  the  English 
eugiueers  by  levelling,  ia  1296  feet.  Now,  since  the  mean 
pressure  of  the  atmosphere  over  the  region  of  the  Dead  Sea  in  the 
end  of  November  ia  about  30036  inches,  it  is  seen,  if  the  tea-level 
pressure  woe  assumed  to  be  29-9  inches,  bow  the  take  oome  to  be 
lowered  133  feet. 

Much  interest  is  at  present  attached  to  the  heights  of  Central 
Africa.  The  following  mean  pressures  at  32°  and  sea-level  bear  on 
this  interesting  question  : — 


Juiuiry.  Jul;. 

CapeTowD 2997  80-20 

Graff  Keinet M-Bl  8022 

Maritzborg 2989  80-19 

UaaritinB 29-96  80-19 

Aden 8008  29-69 

Alexandria S0'06  29-80 


Udla. 80-07 

Algiers. 80- 15 

Laghonat  r Algeria)  80'07 

Gibraltar 80-18 

ChTisUaiiBborg 29-92 

StEelena SOOS 

Grahanutown   29-91 

Thus  the  difference  at  QraffBeinet  and  Maritzburg  between  the 
January  and  July  pressures  amounts  to  about  030  inches.  From' 
this  it  may  be  inferred  that,  in  calculating  heights  along  the 
Zambesi,  from  observations  made  at  different  seasons,  if  no  allowance 
bemadeforthemonthly  variation,  but  if  29*92  inches  be  aasumed  as 

'The  heigbtot  Lake  Balkasb,  according  to  thaRuBsianeiplorera  Ssemonoff 
and  Golnbeff,  ma;  be  nnynhere  between  EiSO  feet  as  givau  by  tbe  fonneT,  and 
1200  feat  aa  given  by  the  latter.  For  a  large  nnraber  of  heigbla  made  nse  of  in 
writing  thi»  note,  the  author  is  indebted  to  Hi  Keith  Johnston,  Jan. 
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the  height  for  all  eeasoDB,  the  results  from  obgeiTfttionB  made  in 
January  will  differ  from  250  to  300  feet  from  those  obtained  from 
observationa  made  in  July  at  the  same  place.  If  no  account  be 
taken  of  the  daily  variation  of  the  preeenre,  the  observatioDS  made 
in  July  at  9  a.m.  will  give  a  difference  of  from  350  to  400  feet  in 
height  as  compared  with  results  from  obserratioDB  made  in  July  at 
4  P.M.  All  this  la^  error  la  avoided  when  the  monthly  and  the 
daily  variations  are  allowed  foi. 

It  has  been  seen  that  the  summer  preseure  in  Central  Asia  falls 
in  July  to  about  29500  inches.  It  might  be  inferred  by  analogy 
that  the  preesuie  in  Central  Africa  also  falls  considerably  below 
2992  inches  over  those  regions  where  the  ann  is  nearly  vertical;  and, 
as  a  consequence,  that  this  space  of  low  pressure  moves  north  and 
south  vrith  the  sun,  attaining  its  northern  limit  in  July,  and  its 
southern  in  January.  The  figures  in  the  table  given  above  fnlly 
bear  out  this  supposition.  Thus,  in  July  At  Algiers  the  mean 
pressure  is  80*06  ;  hut  at  Laghouat,  between  280  and  300  miles 
inland,  the  preesuie  is  only  about  2986  inches ;  at  Alexandria  it  is 
2980 ;  and  at  Aden,  only  29-69  inches ;  and  since,  in  the  same 
month,  according  to  Speke,  the  wind  in  Centra]  Africa  near  the 
equator  and  long.  32°  20*  K  is  almost  constantly  S.E.,  it  is  pro- 
bable that  the  pressure  there  is  lower  than  at  Aden.  Taking  the 
whole  facts  into  consideration,  it  oan  scarcely  be  less  than  29*70 
inches,  though  probably  it  is  lower.  Again,  in  January  the  pres* 
sure  at  Gape  Town  being  29-97  inches,  at  Graff  Reinet  2991  inches, 
and  at  Maritzburg  29'e9  inches,  points  still  further  to  a  diminu- 
tion of  pressure  in  the  centre  of  southern  Africa  at  this  season,  in- 
creasing from  the  coast — falling,  probably  to  between  2970  and 
29-80  inches.  Hence,  if  we  assume  2970  inches  as  the  low  pres- 
sure which  accompanies  the  sun  over  those  parts  of  Africa  where 
he  is  nearly  vertical,  we  shall  not  be  far  from  the  truth. 

Let  us  apply  this  reasoning  to  the  determination  of  the  height 
of  Albert  Nyanza  from  Sir  Samuel  W.  Baker's  observation  of  the 
twiling  point  of  water.  The  observation  was  made  in  lat.  1°14'N., 
long.  30°  50'  E,  on  14th  March  1664,  between  8  and  10  a.m.,  pro- 
bably at  9  A.M.  The  boiling  point  of  the  thermometer  was  207°'8, 
but  as  it  changed  while  in  Sir  Samuel  Baker's  possesiiian,  it  is 
supposed  that  the  true  reading  was  about  207°-3,  which  corresponds 
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to  a  pressure  of  27'231  inches.*  But  since  the  obeervation  was 
made  about  9  a.u,,  when  the  presBure  is  about  the  maximum  of  the 
day,  subtracting  -043  inch  aa  the  correction  for  daily  range  in 
July,  we  obtain  aa  the  mean  pressure  of  the  day  27*188  inches. 
If  we  assume  the  sea-level  pressure  to  be  2970  inches,  the  differ- 
ence due  to  difference  of  height  will  be  2'5I2  inches,  and  the  tem- 
perature of  the  air  being  at  the  time  84'0,  the  height  of  Albert 
Nyanza  will  be  in  round  numbers  about  2550  feet,  or  considerably 
under  the  height  usually  given. 

Similarly,  by  the  same  reasoning,  Gondokoro,  calculated  from  Sir 
Samuel  W.  Baker's  observations  to  be  1999  feet  in  height,  will  be 
only  about  1800  feet  above  the  level  of  the  sea. 

Considering  the  small  difference  within  the  tropics  in  the  mean 
pressure  of  any  month,  say  July,  from  year  to  year,  it  follows  that 
if  recent  African  travellers  had  been  provided  with  good  ther- 
mometera  for  determining  the  boiling-point  of  water,  and  bad 
made  carefully  conducted  observations  with  them,  noting  the 
precise  hour  and  month  of  the  obeervations,  one  of  the  great 
problems  of  African  travel  would  have  been  already  solved,  viz., 
whether  Lake  Tanganyika  does  or  does  not  flow  into  Albert 
Nyanza,  unless  the  difference  of  level  between  these  two  lakes  is 
comparatively  small.  Bat  since  travellers  have  been  given  to 
understand  that  the  heights  deduced  from  their  obeervations  may 
be  in  error  to  the  extent  of  from  300  to  500  feet,  less  care  has 
been  bestowed  in  making  such  observations  than  would  otherwise 
have  been  the  case. 

In  extra-tropical  regions  the  height  of  the  barometer  is  much 
more  fluctuating,  and  the  pressure  during  any  month  from  year 
to  year  varies  more  than  within  the  tropics.  But  even  in  these 
regions  the  limits  of  error  are  much  less  than  are  usually  supposed, 
if  care  he  taken  to  make  the  observations  full  and  precise,  so  that 
when  they  come  to  be  reduced  it  may  be  in  the  power  of  the 
meteorologist  to  value  them  at  their  proper  worth.  This  remark 
may  require  a  little  explanation. 

In  temperate  regions  barometric  fluctuations  are  more  frequent 

and  of  greater  amplitnde  in  such  countries  as  Great  Britain,  which 

are  situated  between  a  continent  on  the  one  hand  and  an  ocean  on 

■  Regnault's  TabiM,  teviml  b;  Motiti. 
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the  other,  than  in  the  interior  of  continents  in  the  same  latitudes. 
Now,  einoe  it  is  to  the  interior  of  oontinentB,  viz.,  Asia,  Africa, 
North  and  Sooth  America,  and  AuBtralia,  that  these  remarks  on 
the  discussing  of  heights  are  intended  to  apply,  the  limits  of  error 
of  single  obserratioDS,  or  groups  of  observations,  of  the  pressure  of 
the  atmosphere,  are  much  less  than  one  accnetomed  to  observe 
barometric  fluctuations  in  Great  Britain  might  be  led  to  suppose. 
Hence,  if  the  meau  monthly  sea-level  pressure  of  the  part  of  tba 
earth's  surface  where  the  observation  is  made  be  kept  in  mind, 
the  difference  between  this  pressure  and  tbe  obserred  pressnre  will 
be  a  tolerable  approximation  to  the  true  difference  of  pressure  due 
to  the  elevation  of  the  place. 

But  a  still  closer  approximation  may  be  reached.  All  examina- 
tion of  weather  on  a  large  scale  shows,  in  the  most  coDclusive 
manner,  that  barometric  fluctuations  are  always  attended  with 
changes  of  weather  of  a  well-marked  and  determinate  character. 
Hence,  conversely,  if  travellers  kept  a  careful  record  of  the  weather 
some  time  before  and  some  time  after  they  made  their  observations 
of  tbe  pressure  of  tbe  atmosphere,  some  idea  could  be  formed  as  to 
whether  the  observed  pressure  was  above  or  below  the  mean  pressure 
of  the  season  at  tbe  place. 

Thus,  suppose  that  for  some  time  before  and  after  the  observa- 
tion the  weather  was  fine  and  of  a  steady  character  throughout, 
the  nigbte  not  mucb  colder  and  the  days  not  much  hotter  than 
usual,  the  wiuds  light,  or  if  moderate,  continuing  in  one  direction, 
and  tbe  state  of  the  sky  with  respect  to  cloud  mucb  tbe  same  front 
day  to  day,  it  might  be  assumed  that  the  pressure  was  the  average 
of  the  season.  Observations  carefully  made  under  these  conditions 
are  entitled  to  be  ranked  in  tbe  first  class,  as  being  the  most  tmst- 
worthy  that  can  be  obtained. 

But  if  the  nights  have  been  for  a  day  or  two  colder,  the  days 
hotter  (in  the  sun),  tbe  aii  drier,  and  the  winds  lighter,  and  calm 
weather  more  prevalent  than  usual,  then  it  is  probable  that  the 
pressure  at  tbe  time  of  observation  was  above  tbe  average  of  the 
season. 

Again,  suppose,  in  tbe  north  temperate  zone,  tbe  air  to  have 
become  warmer  and  inoister,  the  sky  clouded,  rain  to  have  fallen, 
and  the  wind  veered  from  E.  or  S.E.,  by  S.  and  S.W.  to  N.W.,  or 
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suddenly  abifted  to  W.  or  N.W.,  and  the  weatber  then  to  have  be- 
come colder  and  clearer  and  the  air  drier,  it  ia  certain  that  a  atonn 
of  greater  or  less  magnitude  haa  passed  over  the  region,  and  ainca 
such  storms  are  attended  with  great  fluctuations  of  the  barometer, 
it  is  plain  that  If  the  obserration  of  pressure  was  made  during 
these  changes,  it  is  worse  than  useless  as  a  datum  for  the  determi- 
nation of  the  height  of  the  place.  It  should,  therefore,  be  alto- 
gether rejected. 

These  cases  are  given  as  examples  of  the  method  by  which 
obserrations,  as  made  by  travellers,  sboold  be  critically  examined 
before  they  are  made  nee  of  in  calculating  heights.  It  is  pro- 
bably from  inattention  to  these  simple  directions — travellerB  not 
recording  the  required  data,  which  can  all  be  recorded  without 
instniments,  and  computers  not  giving  weight  to  such  observations 
when  recorded — that  a  large  number  of  the  groeser  diBorepancies, 
given  in  works  of  Physical  Gteography,  have  arisen.  Many  of  the 
larger  errors  are,  of  course,  due  to  the  nse  of  imperfect  instmmenta 
and  a  want  of  practice  in  the  observer. 

An  illustration  of  errors  in  the  statement  of  heights  may  be  given. 
The  following  places  are  situated  in  the  neighbourhood  of  the  Urol 
Mountains ;  the  heights  are  those  given  by  the  moat  recent  anthor- 
itiea,  and  a  column  is  given  showing  the  number  of  years  for  which 
the  averages  of  mean  annual  pressure  have  been  calculated  : — 


Place. 

Lat.  N. 

Long.B 

Height 
Feat. 

of 
Average 

Mean  Pras- 
BOie  at  S2' 
and  Bea-level 

Bogosiovflk,     .     . 

59  45 

60     2 

600 

26 

Inches. 
29-862 

Nijni-Togilsk,     . 

57  57 

59  53 

730 

21 

30-088 

66  49 

60  3S 

800 

18 

29-835 

Zlatonst,    .    .    . 

55  10    69  40 

1200 

28 

29-835 

From  the  above  annual  mean  pressures  it  is  evident  that  the  height 
of  Nijni-Tagilsk  is  over  stated,  the  true  height  being,  probably 
about  250  feet  less  than  what  baa  hitherto  been  assigned  to  it. 

Since  it  has,  unfortunately,  been  the  general  practice  not  to 
publish  the  original  observations,  but  only  the  heights  deduced  from 
them,  it  will  be  impossible,  except  in  a  comparatively  small  number 
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of  iDBtaDCeB,  to  applj  the  priDciple  brought  forward  in  this  paper 
to  past  obBOirationB. 

ObBervatioDs  for  tho  aecertaining  of  heights  must,  to  be  eatis- 
factory,  include  tbe  following  particulara : — 

1.  Latitude  and  longitude  of  the  place. 

2.  Tbe  date  of  the  observation,  giving  esBctly  the  jear,  the 

month,  tbe  day  of  the  month,  and  the  hour  of  tbe  day. 

3.  The  obeerration  itself  exactly  as  made ;  if  with  a  barometer 

or  aneroid,  the  pressure  to  be  given  ;  if  with  a  thermometer, 
the  boiling-point  to  be  given,  and  not  metely  its  equivalent 
in  pressure. 

4.  Tbe  temperature  of  the  air  in  shade. 

5.  The  weather  for  two  days  before  and  after  the  observation, 

showing  the  temperature  of  the  air,  its  probable  humidity  as 
made  known  by  tbe  feelings  or  by  its  effects  on  surronndiDg 
objects,  the  amount  of  cloud,  the  rainfall,  the  direction, 
veerings,  shifts,  and  force  of  the  wind,  together  with  any 
striking  pheucmena  that  may  occur. 
To  these  might  be  added,  if  possible,  observations  of  the  wet-bulb 
thermometer. 

It  will  be  evident  from  these  remarks  that  the  Physical  Geo- 
grapher will  require  the  practised  Meteorotogist  to  aid  him  in 
settling  the  important  physical  problem  of  heights  for  large  por- 
tions of  tbe  earth's  surface. 

3.  Notice  of  a  lUmarkable  Mirage  Observed  in  the  Firth  of 
Forth.    By  Dr  Christifion. 

Some  years  ago,  when  visiting  on  tbe  31st  <^  May  the  beautiful 
scenery  of  Dalmeny  Park,  I  observed  about  three  in  the  afternoon, 
from  the  terrace  on  which  stand  the  ruins  of  Barenbougle  Caatle, 
some  remarkable  examples  of  mirage  on  the  Firth  of  Forth,  which 
are  perhaps  worthy  of  record. 

The  atmosphere  was  uncommonly  clear  in  every  direction,  sun- 
shiny, warm,  calm ;  and  what  little  wind  there  was  came  from  the 
south  west.  But  a  black,  sultry-looking  cloud  was  forming  at  the 
aame  time  in  the  north-west,  from  which  in  an  hour  and  a  half 
afterwards,  as  I  was  on  my  way  home  to  town,  a  severe  thnnder- 
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§toFm  gradnally  spread  soutb-eostward  ovei  the  vhole  Firth  and 
Burrounding  couDtiy. 

LookiDg  eastward  towards  the  mouth  of  the  Firtb,  white  the 
weather  continued  Tei7  Sdo,  I  was  Burprieed  to  ohserre  that  the 
northern  edge  of  the  cone  of  ^orth  Berwick  Law,  twenty-four  miles 
distant,  at  about  one-third  of  its  slope  from  the  summit,  suddenly 
ceased,  and  had  giveo  place  to  a  sheer  perpendicular  precipice, 
overhanging  its  base.  At  the  same  time  the  spit  of  land  of 
East  Lothian,  which  is  nsually  seen  to  extend  more  than  a  mile 
from  the  Law  towards  the  Fife  coaat,  had  disappeared ;  the  ocean 
had  taken  its  place,  and  the  overhanging  precipice  of  the  hill 
seemed  to  dip  into  the  water.  I  carefully  examined  these  appear- 
ances with  a  Ross's  telescope  of  very  sharp  definition,  and  could 
easily  ascertain  thai  there  was  no  mist  anywhere ;  and  the  apparent 
preoipice  and  apparentsea  presented  no  character  different  from  those 
of  the  true  sky-line  of  the  hill  above,  or  the  true  sea  north- 
ward from  where  Oullane  Point  terminates  the  land  as  seen  from 
my  station. 


Fig.  1. — North  Berwick  Law,  twsDty-foQr  miles. 

I  then  also  noticed  that  what  appeared  to  he  the  south  point  of 
Inchkeith  as  seen  from  Barnbougle,  eight  miles  distant,  had  thrown 
out  southward  a  line  of  three  detached  rocka,  with  sea  separating 
them  from  one  another,  and  likewise  with  eea  apparently  passing 
under  Them,  as  if  they  were  suspended  in  the  air  a  few  yards  above 
the  water;  and  that  in  like  manner  the  water  seemed,  as  it  were,  to 
have  passed  to  some  distance  under  the  point  of  the  island  itself, 
raising  a  long  low  line  of  dark  land  a  little  into  the  air.  It  was 
impossible  to  put  an  end  to  this  illusion  with  the  telescope;  on  the 
contrary,  it  was  rendered  more  distinct  and  apparently  real. 
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Bat  the  most  remarkable  traDsformatioD  was  effected  in  a  aloop 
which  was  sailing  obliquely  across  my  line  of  vision  from  south- 
west to  Qorth-aast,  apparently  at  the  Grantoo  Feny,  about  fonr 
miles  off.  From  the  set  of  its  sails,  and  the  darkness  of  a  great 
extent  of  the  Fiith  around,  the  vessel  was  evidently  carrying  with 
it  a  brisk  favouring  breeze  from  the  sontb-west ;  and  during  the 
fifteen  or  twenty  minutes  that  my  observation  lasted  it  must  hava 
changed  its  place  by  two  miles.  But  dnricg  all  that  time  it  pre- 
sented the  appearance  of  a  narrow  gap  in  its  entire  hull  immediately 
before  its  single  mast,  and  a  very  much  wider  one  behind  the  mast. 
Tbe  sea  was  visible  through  both  gape ;  and  with  the  telescope  it 
was  easy  to  observe  tbe  helmsman  at  the  tiller  on  a  poop  completely 
and  widely  separated  from  the  forward  part  of  tbe  vessel.  The 
ferry  steamer  appearing  from  Qranton  on  her  passage  to  Burnt- 


Fig.  2.— Veuel  aix  miles  off. 

island,  I  was  anxious  to  see  what  might  happen  to  her  when  she 
arrived  in  tbe  same  water  with  tbe  sloop.  But  when  she  came 
into  a  line  with  tbe  sloop,  it  was  at  once  apparent  that  tbe  sloop 
was  about  two  miles  farther  off;  and  she  bad  previonsly  appeared 
to  be  nearer,  in  consequence  of  tbe  sheet  of  dark  broken  water  in 
which  she  bad  been  sailing  being  apparently  raised  above  the  level 
of  tbe  calm  white  water  surrounding  it  on  all  sides  over  the  rest  of 
tbe  Firth. 

During  a  period  of  about  twenty  minutes,  spent  in  watching 
these  alterations  of  fonn  in  North  Berwick  Law,  Inchkeitb,  and 
the  sailing  vessel,  I  could  not  detect  the  slightest  change  in  the 
character  of  tbe  appearances. 

I  am  unwilling  to  attempt  an  explanation   of  these   singular 
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derifttioDa  from  optical  rectitude,  because  I  do  not  see  how  recog- 
Dieed  theory  will  explain  them  all.  But  I  may  venture  to  suggest 
that  such  ioBtances  of  mirage  in  our  Firth  and  elsewhere  may 
deserve  attention  as  possible  prognostics  of  weather.  On  the 
occaaiou  in  question  there  were  evident  signs  of  a  widely  extended 
disturbance  of  the  usual  condition  of  the  atmosphere ;  and  the 
occurrence  of  a  violent  thunderstorm  afterwarda,  which  lasted  far 
into  the  evening,  is  not  unworthy  of  notice. 

Often  aa  I  have  been  at  Bambougle  Castle  in  beautiful  summer 
afternoons,  and  often  aa  I  have  been  on  the  shores  of  the  Firth 
in  all  parts,  as  well  as  on  its  waters,  I  never  happened  to  notice 
any  mirage  before.  Subsequently,  however, — I  do  not  recollect 
from  what  position,  but  I  rather  thint  from  Leith  Pier, — I  observed 
that  Aberlady  Bay  seemed  te  lead  to  a  strait  with  perpendicular 
cliffs  on  either  side,  the  promontory  on  which  Gosford,  Dirleton, 
G-ullane,  and  North  Berwick  stand,  being  converted  into  a  beautiful 
and  extensive  island ;  and  the  illusion  was  rendered  complete  by  a 
vessel  under  full  sail  bearing  to  all  appearance  directly  for  the 
month  of  the  imaginary  strait. 

My  son  also  informs  me  that  on  another  occasion  he  observed 
with  the  naked  eye,  but  still  better  with  the  aid  of  a  telescope, 
frnm  Leith  Pier,  the  same  promontory  cut  into  eight  or  ten  islands, 
apparently  reflected  in  an  apparently  calm  sea,  which  joined  by 
a  well-defined  margin  tfae  real  sea  itself,  much  disturbed  at  the 
time  by  a  brisk  breeze.  The  appearance  of  these  ialands,  as 
Been  through  the  telescope,  was  exceedingly  beautiful,  as  they 
seemed  to  be  clothed  with  fine  trees,  and,  reflected  in  the  calm 
ocean,  were  suggestive  rather  of  a  tropical  than  a  northern  scene. 

It  is  probable  that  such  appearances  are  not  infrequent — so 
freqnent,  at  least,  as  to  give  adequate  opportunities  for  studying 
them  ;  and  that  we  do  not  hear  of  them  merely  from  inobservance ; 
for  my  son  adds  that,  although  many  people,  sailors  as  well  aa 
others,  were  walking  on  the  pier  at  the  time,  not  one  seemed  to 
take  notice  of  the  remarkable  phenomena,  which  strongly  attracted 
hia  attention  and  that  of  hia  brother  who  accompanied  him. 
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The  following  gentlemen  were  elected  Fellows  of  the 
Society : — 


William  C.  M'Ihtobb,  M.D. 

HeNBT  UlBBBALL,  H.D.,  CltftOD. 

Willi AU  RtrrHSBFOBD,  M.D. 


Monday,  let  February,  1869. 

The  Hon.  LORD  NEAVES,  Vioe-President,  in  the  Chair. 

The  following  Minute  of  Oomicil  was  read : — 

"  The  Council  of  the  Boyal  Society  desire  to  record  in  their  minutes 
the  grief  which  they  haye  fell  in  the  death  of  James  D.  Forbee, 
Esq.,  lately  Principal  of  St  Andrews  TJniverBity,  and  their  sense 
of  the  loss  tbns  sustained — of  one  who  was  so  great  an  ornament  to 
science,  and  so  long  and  so  intimately  connected  with  this  Society. 
As  a  scientific  inquirer,  and  as  an  academical  instructor,  the  name 
of  Dr  Forbes  will  he  held  in  reverence  by  all  who  knew  him,  or  who 
benefited  by  his  exertions ;  and  it  is  a  subject  of  deep  regret  that 
he  should  be  cut  off  in  the  prime  of  life,  and  tha  scientific  world 
deprived  of  his  services  at  a  time  when  his  appointment  as  Princi- 
pal of  St  Andrews  University  had  placed  him  in  a  position  where, 
if  life  and  health  had  allowed,  he  might,  by  his  further  labours, 
have  added  to  his  own  repntation  and  to  the  range  of  scientiSo 
discovery.  The  Councilcanoot  remember  the  able,  assiduous,  and 
conscientious  services  rendered  to  the  Royal  Society,  when  he  held 
the  appointment  of  their  Secretary,  withont  feeling  how  deep  a 
debt  of  gratitude  the  Society  owes  him.  The  Council  direct  that  a 
copy  of  this  minute  be  transmitted  to  Mrs  Forbes,  with  a  suitable 
expression  of  their  sympathy  with  her  in  her  great  affliction.  The 
Council  trust  that  Mrs  Forbes  will  be  sustained  under  her  severe 
bereavement,  and  they  are  sure  that  if  public  and  individual  sym- 
pathy can  assist  in  alleviating  grief,  that  consolation  will  be 
affurded  in  no  ordinary  degree-" 

The  Secretary  announced  the  receipt  of  letters  from  Professors 
Eirchhoff  and  Tirchow,  thanking  the  Society  for  their  election  as 
Foreign  Honorary  Fellows. 
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The  following  Communications  were  read  : — 

1.  Practical  Note  on  Intensified  Gravity  in  Gentrifagal 
GovemorB.    By  Professor  0.  Piazzi  Smyth. 

This  paper,  after  a  shoit  introduction  upon  prerigaB  pablications 
and  experiences,  describes  in  a  plain  and  practical  mannei  four 
steps  of  improvement  recently  made  in  the  centrifugal  governor  of 
an  ec|natorial  driving  clock  ;  and  tonches  on 

1.  The  number  of  the  pendutume  ; 

2.  Their  weight  and  momentnia ; 

S.  Their  chroDOmetrio  principle;  and 

4.  The  intensification  of  the  effect  of  gravity  upon  them, 

chiefly  to  increase  the  promptitude  and  energy  of  the 

centrifugal  action. 

This  last  improvement  the  author  regards  as  the  most  imporiant 

to  draw  attention  to,  because  it  is  capable  of  imparting  extreme 

quickness  and  sensibility  to  the  actions  of  all  kinds  of  centrifugal 

governors ;   and  although  not  abeolntely  new,  it  does  not  seem 

yet  to  be  sufficiently  known  or  employed  in  many  practical  cases, 

where  it  might  be  of  the  utmost  use,  as  in  preventing  some  claeseB 

of  disasters  which  are  in  these  days  happening  far  too  frequently 

to  sea-going  screw-steamers. 

The  paper  has  since  been  printed  in  full  in  the  "  Practical 
Mechanic's  Journal "  for  March  1,  1S69. 

2.  Ml  Mill's  Theory  of  Geometrical  Beasoning  Mathemati- 
cally Tested.  By  W.  R  Smith,  Esq.,  Assistant  to  the 
Professor  of  Natural  Philosophy.  Commtmicated  by 
Professor  Tait. 

An  amasing  and  instructive  example  of  the  way  in  which  logicians 
are  accustomed  to  dogmatise  upon  the  theory  of  sciences  that  they 
do  not  understand,  is  afforded  by  Ui  Mill's  explanation  of  the 
nature  of  geometrical  reasoning. 

Those  who  remember  that  Mr  Mill  assures  Dr  Whewell  that  he 

has  conscientiously  studied  geometry  (Logic,  7th  ed.  I,  270),  will 

probably  find  some  difficulty  in  believing  that  the  demonstration  of 

£nc.  P,  which  Mr  Mill  offers  as  au  illnstratioD  of  the  justioe  of  hie 
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theory  of  geometrical  reaeoning,  depends  on  the  axiom,  that  tri- 
angles, having  two  sides  equal  each  to  each,  are  equal  in  all  respects. 
Such,  nevertheless,  is  the  case  ;  and  when  one  sees  this  absurdity 
pass  nnmodtfied  from  edition  to  edition  of  Mr  Mill's  Logic,  and 
when  even  Mansel,  Mr  Mill's  watohfnl  enemy,  tells  ns  that  "against 
the  form  of  the  geometrical  syllogism,  as  exhibited  by  Mr  Mill,  the 
logician  will  have  no  objections  to  allege  "  (Mansel's  Aldrich,  3d  ©d., 
p.  255),  one  cannot  but  think  that  logic  would  make  more  progress 
if  logicians  would  give  a  little  more  attention  to  the  processeB  they 
profess  to  explain. 

It  may  perhaps  he  worth  while  to  show  how  Mr  Mill  was  led 
into  this  extraordinary  mistake.  We  shall  find  that  Mr  Mill 
chooBes  rather  tKi  sacriGoe  geometry  to  his  philosophy,  than  to 
modify  his  philosophy  in  acoordance  with  the  facts  of  geometry. 

Mr  Mill  holda  that  all  general  knowledge  is  derived  from  experi- 
ence ;  meaning  by  experience  the  comparison  of  at  least  two  distinct 
experimental  facts.  In  other  words,  all  knowledge  is  ultimately 
guned  by  indaction  from  a  eerie*  of  observed  facts.  That  any  general 
truth  can  be  got  at  intuitively,  by  merely  looking  at  one  case,  Mr  Mill 
emphatically  denies.  The  fact  that  two  straight  lines  cannot  enclose 
a  space,  is  not  self-evident  as  soon  as  we  know  what  strught  lines  are 
[i.e.,  can  mentally  construct  such  lines] ;  but  is  got  at  only  by  experi- 
ments on  "  real"  or  "imaginary"  lines  (Logic,  I.  pp.  259, 262).  Now 
it  is  certain,  that  in  the  demonstrations  of  Euclid,  we  are  satisfied  of 
the  truth  of  the  general  proposition  enunciated,  as  soon  as  we  have 
read  the  proof  for  the  special  figure  laid  down.  There  is  no  need 
for  an  induction  from  the  comparison  of  several  figures.  Since 
then  one  figure  is  as  good  as  half  a  dozen,  Mr  Mill  is  forced  to  the 
conclusion  that  the  figure  is  no  essential  part  of  the  proof,  or  that 
"  by  dropping  the  use  of  diagrams,  and  substituting,  in  the  demon- 
strations, general  phrases  for  the  letters  of  the  alphabet,  we  might 
prove  the  general  theorem  directly  "  from  "  the  axioms  and  defini- 
tions in  their  general  form"  (p,  213). 

We  may  just  mention,  in  passing,  that  this  view,  combined  with 
the  doctrine  that  the  definitions  of  geometry  are  purely  by^- 
thetical,  leads  Mr  Mill  to  the  curious  opinion  that  we  might  moke 
any  number  of  imaginary  sciences  as  complicated  as  geometry,  by 
applying  real  axioms  to  imaginary  definitions.    We  mention  thia 
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merely  to  illuetrate  Mr  Mill's  position — our  present  bnaineiB  is  to 
see  how  these  views  of  geometry  work  in  practice. 

Mj  Uill's  example,  oa  we  have  aaid,  is  Euclid  I',  which  he  under- 
takes to  deduce  from  the  original  deductive  faundationB.  We  have 
first  (p.  241)  some  preliminary  remarks, 
which  afford  a  remarkably  happy  instance 
of  the  way  in  which  Ur  Mill  is  accustomed 
to  keep  himself  safe  from  all  opponents, 
by  alternately  supporting  each  of  two  con- 
trary views  of  a  subject.  "  First,"  says 
he,  speaking  of  the  angles  ABE,  CBE; 
ACD,  BCD,  "  it  could  he  perceived  in- 
tuitively that  their  differences  were  the 
angles  at  the  base."  If  this  intuition  is 
really  a  step  in  the  poof,  then,  since  in- 
tuition is  just  actual  looking  at  the  figure,  what  becomes  of  the 
doctrine  that  the  figure  is  sot  essential,  or  of  the  still  mote  funda- 
mental doctrine,  that  no  general  truth  can  flow  from  a  single 
intuition?*  In  this,  however,  Mr  Mill  only  falls  foul  of  himself. 
A  more  serious  matter  is,  that  when  he  sets  about  his  regular  demon- 
stration, he  falls  foal  of  the  truths  of  geometry. 

Having  shown  that  AD  =  AE,  MrMill  proceeds  thus: — "Both 
these  pairs  of  straight  lines  "  [AO,  AB :  AD,  A£]  "  have  the  pro- 
perty of  equality;  which  is  a  mark  that,  if  applied  to  each  other 
they  will  coincide.  Coinciding  altogether,  meuia  coinciding  in 
every  part,  and  of  course  at  their  extremities,  D,  E,  and  B,  0." 
Now,  "  straight  lines,  having  their  eztremities  coincident,  coincide. 
BE  and  CD  have  heen  brongbt  within  this  formula  hy  the  pre- 
ceding induction ;  they  will,  therefore,  coincide."  [1]  If  Mi  Mill 
generalises  this  conclusion,  I  think  he  will  find  it  to  be  that  two 
triangles,  having  two  sides  of  each  equal,  are  equal  in  all  respects ; 
and  from  this  theorem  be  may  at  once  conclude,  by  bis  own  fourth 
formula  £"  angles  having  their  sides  coincident,  coincide  "],  that 

*  This  is  no  m«re  slip  on  Mr  Mill's  port.  To  show  that  the  aaglea  at  the 
base  Bie  the  diSeTeoicei  of  the  anglee  in  question,  withont  appealing  to  the 
figure,  we  mnst  have  a  new  axiom  [proved,  of  coarse,  by  iodnctioD  !]Tii.,that 
If  a  side  of  a  triangle  be  prodacod  to  an;  point,  the  line  joiniog  that  point 
with  Ui«  oppodte  angle  falle  whoUj  witfaont  tho  triangle. 
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anglea  contaioed  by  equal  etraight  lines  are  equal  I  It  ia  clear  tliat 
Mr  Mill  did  not  see  that  the  point  ia  to  ehow  that,  the  triangla 
ABM,  ACD,  rtmaining  rigid,  AB  ma;  be  applied  to  AG,  and 
AE  to  AS  at  the  same  time.  But  this  can  only  be  brongbt  out 
by  figuring  to  oneself  AB  moved  ronnd  to  coincide  with  AC, 
and  then  the  triangle  ABE  rotated  about  AB  through  two  right 
angles ;  and  this  proceee  was  not  competent  to  Ur  Mill,  whose 
theory  bound  him  t«  prove  the  equality  of  the  triangles  by  pure 
'  syllogism  from  the  two  formulaa,  "equal  straight  lines,  being 
applied  to  one  another,  coincide,"  and  "  straight  lines,  having  their 
extremities  coincident,  coincide." 

But  Mr  Mill  may  say,  "  I  have  only  to  add,  that  equal  angles 
applied  to  one  another  coincide." 

Very  well,  you  have  then  three  syllogisms : — 

Equal  straight  lines  coincide  if  I  Equal  straight  lines  coincide  if 

applied;  applied; 

AC,  AB,  are  equal.  {  AD,  AE,  are  equal. 

Equal  angles  coincide  if  applied; 

CAD,  BAE,  are  equal. 

Logically  these  three  syllogisms  can  give  only  three  independent 
conclusions : — 

AG,  AB  coincide  if  applied.  |  AD,  AE  coincide  if  applied. 
The  angles  GAD,  BAB  coincide  if  applied : — 
but  by  DO  means  the  onb  conclusion  that  the  rigid  figures  ABE, 
ACD  coincide  if  applied.  If  Mr  Mill  still  contends  that  there  is 
no  need  for  intuition  here,  let  faim  substitute  for  the  words  "  equal 
straight  lines,"  "  equal  ares  of  great  circles."  The  premises  of  his 
syllogisms  are  still  all  right ;  bnt,  owing  to  ciTcumetances  that 
must  be  tten  to  be  understood,  the  spherical  triangles  cannot  be 
made  to  coincide. 

There  are  only  two  courses  open  tn  Mr  Mill — either  to  confess 
that  the  attempt  to  square  geometry  with  a  preconceived  theory  has 
forced  bim  into  a  grossly  erroneous  demonstration,  or  to  invent  a 
new  formula — viz.,  that  if  in  two  plane  figures  any  number  of  con- 
secutive sides  and  angles  taken  one  by  one  may  be  made  to  coincide, 
they  may  abo  be  made  to  coincide  as  rigidly  connected  wholes.  But, 
then,  Mr  Mill  must  maintain  that  the  man  who  reads  Euc.  I*  for 
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tb«  firat  time  does  not  at  once  couclnde  the  general  truth  of  this 
formula  from  the  one  figure  before  him,  but  either  brings  the 
formula  with  him  to  the  proof  as  a  result  of  previous  induction,  or 
requires  to  pause  in  the  proof,  and  satisfy  himself  of  the  truth  of 
the  formula  by  a  comparison  of  a  Beriee  of  figures. 

It  is  easily  shown,  by  the  same  species  of  analysis  as  we  have 
adopted  here,  that  wherever  a  real  step  is  made  in  geometry  we 
must  either  use  the  figure  or  introduce  &  new  general  axiom  [not 
of  course  in  mere  converses,  as  Euo.  I",  I"].  All  geometrical  con- 
struction is  in  the  last  resort  a  means  of  making  clear  to  the  eye 
complicated  relations  of  figures. 

Now,  if  we  can  at  once  and  with  certainty  conclude  from  the  one 
case  figured  in  the  diagram  to  the  general  case — if,  that  is,  axioms 
are  proved  not  by  induction,  but  by  intuition,  and  are  necessarily 
true — there  is  no  difficulty  about  geometrical  reasoning ;  but  if  each 
new  axiom  is  gained  by  a  new  induction  (and  that  on  Mr  Mill's 
showing  an  "indwiio  per  enumerationem  simplieem,")  we  get  a 
difficulty  which  Mr  Mill  curiously  enables  us  to  state  in  his  own 
worda(I.  p.  301^"If  it  were  necessary,"  in  adding  a  second  step  to 
an  argument,  "  to  assume  some  other  axiom,  the  argument  would 
no  doubt  be  weakened."  But,  says  Mr  Mill,  it  is  the  same  axiom 
which  is  repeated  at  each  step.  Ifthis  verenotso,  "  the  deductions 
of  pure  mathematics  could  hardly  fail  to  be  among  the  most  uncertain 
of  argumentative  processes,  since  they  are  the  longest."  If  now  we 
do  call  in  new  axioms  whenever  we  construct  an  essentially  new 
figure,  must  not  Mr  Mill  admit,  on  his  own  showing,  that  every 
advance  in  geometry  involves  an  advance  in  uncertainty;  that  the 
geometry  of  the  circle  is  less  certain  than  that  of  the  straight  line, 
solid  geometry  than  plane,  conic  sections  than  Euclid,  &c.?  Surely 
this  is  a  reditctio  ad  aluurdtan  of  the  whole  theory. 

The  principles  of  geometry  involved  in  the  question  are  so  im- 
portant that  we  may  profitably  separate  them  from  Mr  Mill's 
blunders  in  a  special  case. 

I.  The  proofs  of  geometry  are  clearly  not  inductive.  There  is 
no  mental  comparison  of  various  figures  needed  during  the  proof. 
The  inductions  involved  (if  any),  must  have  been  previously 
formed. 

II.  The  proofs  then  must  be  reduced  either  to  actual  perception 
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(intaition),  or  to  deduction  from  axioiuB.  But  Bince  the  proof  ie 
general,  the  fonner  asaumption  involveB  the  reality  of  geneiat 
iDtnition,  i.e.,  of  a  general  judgment  from  a  single  perception. 

III.  The  theory  of  iDtnitioD  is  snfBcient,  but  is  disputed  in  two 
interests : — 

fa)  In  the  interest  of  syllogism,  which  claims  to  give  indefinitely 
extensive  conclusions  from  limited  premises  [bnt  many,  as  Whewell, 
hold  that  these  premisee  are  intuitive  axioms]. 

(ff)  In  the  inteieats  of  empiricism,  which  makes  all  argnmente  be 
ultimately  from  particulars  to  particulars. 

Mr  Mill  combines  the  two  objections. 

Now  we  have  sAa  that  if  objection  (a)  falls  («.«.,  if  the  premises 
of  geometry  are  not  reducible  to  a  limited  number  of  axioms  from 
which  everything  fallows  analytically),  the  security  of  geometric 
reasoning  can  be  established  only  if  each  premise  has  apodictic 
certainty.  To  overthrow  Mill's  whole  theory,  it  is  therefore  enough 
to  show  the  fallacy  of  the  limited -numher-of-axiomB  hypotheeia. 
On  this  we  observe  :— 

lit,  The  axioms  are  more  numerous  than  Mr  Mill  thinks,  for  his 
proof  of  Euo.  P  is  lost  for  want  of  more  axioms. 

2d,  The  indefinite  extension  of  geometry  depends  on  the  power 
of  indefinitely  extended  construction  [but  where  there  is  constnic- 
tion  there  is  intuition — nay,  mentd  intuition  is  mental  oonstme- 
tion}.  Now  here  our  opponents  may  suppoee  [A]  that  the  general 
conclusion  really  flows  from  the  particular  construction,  which,  in 
the  language  of  logic,  supplies  the  middle  term,  But  since  the 
construction  is  particular,  we  should  thus  be  involved  in  the  fallacy 
of  the  undistributed  middle.  A^n,  [B]  it  may  be  said  that  the 
construction  is  only  the  sensible  representation  of  a  general  axiom. 
But  as  the  construction  is  new  and  indiapenaable,  the  general  axbm 
must  be  so  also.  Therefore,  if  geometry  is  proved  from  axioms, 
these  axioms  must  he  unlimited  in  number. 

Sd,  Obviously  it  is  not  by  logic  that  we  can  aatisfaatorily  deter- 
mine how  for  geometry  coutaina  synthetia  elements  peculiar  to 
itself.  We  have,  however,  in  analytical  geometry  a  ready  ciiteriim 
bow  far  geometry  can  be  developed  without  the  addition  of  new 
geometrical  considerations. 

Now  we  find  that  we  cannot- begin  analytical  geometry  from  ^e 


<  ,v  Google 


of  Bdinhurgh,  Seaaton  1868-69.  483 

mere  axioms  and  definitioos.  We  muet  by  synthetio  geometry, 
by  actaal  seeing,  learn  the  qualities  of  linefl  and  angles  before  we 
can  begin  to  use  analysis.  Then,  given  so  many  synthetic  pro- 
positions, we  can  deduce  others  by  algebra ;  but  only  by  a  use  of 
actual  intuition,  firat,  in  translating  the  geometrical  enunciation 
into  algebraic  fonnulie ;  and,  tecond,  in  tranelating  the  algebraic 
result  (if  that  leanlt  is  not  merely  qnantitatiTe)  into  its  geometric 
meaning.  The  answer  to  a  proposition  in  analytical  geometry  is 
simply  a  rule  to  guide  us  in  actually  constructing,  by  a  new  use  of 
nor  eyes  or  imagination,  the  new  lines  which  we  must  have  ta  inter- 
pret the  result.  Analysis  does  not  enable  us  to  dispense  with  syn- 
thetic conatnictions,  but  simply  seTves  to  guide  ub  in  these  constmc- 
tiosB,  and  80  to  dispense  more  or  less  completely  with  the  tact  re- 
quired to  find  ont  the  geometrical  solution.  This  is  true  in  every 
case,  but  moat  obviously  in  the  investigation  of  new  curves.  Tho 
tracing  of  curves,  from  their  equations,  is  a  process  in  which  so  man 
can  succeed  by  mere  rule  without  the  use  of  his  eye^s.  Suppose 
asymptotes,  cusps,  concavity,  everything  else  found,  the  union  of 
these  features  in  one  curve  will  remain  a  synthetic  process. 

Still  more  remarkable  is  the  use  made  in  analysis  of  imaginary 
quantities.  To  the  logician  an  imaginary  quantity  is  nonsense,  but 
geometrically  it  has  a  real  interpretation.  The  geometrical  power 
g  ained  bya  new  method  like  quaternions,  is  radically  distinct  from 
that  gained  by  the  solution  of  a  new  differential  equation.  The  latter 
is  a  triumph  of  algebra,  the  former  is  a  triumph  of  synthetio  geo- 
metry— the  discovery  of  a  whole  class  of  new  guides  to  construction. 

Professor  Tait  remarked  that  an  excellent  and  interesting  instance 
of  the  incapacity  of  metaphysicians  to  understand  even  the  most 
elementary  mathematical  demonstrations,  bad  been  of  late  revived 
under  the  auspices  of  Dr  J.  H.  Stirling.  His  name,  with  those  of 
Berkeley  and  Hegel,  formed  a  sufficient  warrant  for  calling  attention 
to  the  point. 

It  is  where  Newton,  seeking  the  fluxion  of  a  product,  as  ah, 
writes  it  in  a  form  equivalent  to 

^  V(a  +  \Adt)lh  +  \hdt)-(a-\  Adt)[h  -  J  hdt)l 
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which  gives,  at  oooe,  the  correct  value 

Now  Berkeley,  Hegel,  StirliDg,  and  othen,  have  ttll  in  turn 
censured  this  process  as  a  mere  trick  (or  in  terms  somewhat  similar) 
and  say,  in  effect,  that  it  is  essentially  erroneous.  The  fact,  how- 
ever, is  that,  as  in  far  greater  matters,  Newton  here  shows  his 
profound  knowledge  of  the  queatioQ  in  hand ;  and  adopts,  without 
any  parade,  a  method  which  gives  the  result  true  to  the  second  order 
of  gvialt  quantilie».  The  metaphysicians  oannot  see  this,  and  Dr 
Stirling  speaks  with  enthusiastic  admiration  of  the  clear  sighted- 
ness  and  profundity  of  Hegel  in  detecting  this  blunder,  and  for  it 
"harpooning"  Newton  I 

What  Newton  seeks  is  the  rate  of  increase  of  a  quantity  at  a 
particular  instant.  Instead  of  measuring  it  by  the  rate  of  increase 
a/i«r  that  instant  (as  the  metaphysicians  would  leqnire)  he  measures 
it  by  observing,  as  it  were,  for  equal  intervals  of  time  befitre  and 
after  the  instant  in  question. 

Any  one  who  is  not  a  metaphysician  can  see  at  once  the  superior 
aconraoy  of  Newton's  method,  by  applying  both  methods  to  the 
case  of  a  rapidly  varying  velocity  j  such  as  that  of  a  falling  stone, 
or  of  a  railway  train  near  a  station. 

In  reference  to  what  Professor  Tait  had  said,  Mr  Sang  remarked, 
that  the  line  of  argument  attributed  to  Newton  had  been  used  by 
John  Nepair  before  Newton's  birth.  Nepair's  definition  of  a  loga- 
rithm runs  thus  (Descriptio,  lib.  i.  cap,  1.  def.  6),  (Gonstmctio, 
23,  25)  that  if  two  points  move  synchronously  along  two  lines,  the 
one  with  a  uniform  velocity  (arithmetic!)),  the  other  (geometric^) 
with  a  velocity  proportional  to  its  distance  from  a  fixed  point,  the 
distance  passed  over  by  the  first  point  is  the  logarithm  of  the  dis- 
tance of  the  second  from  the  fixed  point.  In  order  to  compare  this 
variable  velocity  at  any  instant  with  the  constant  velocity,  he  takes 
a  small  interval  of  time  preceding,  and  another  succeeding  the 
given  instant,  shows  that  the  true  velocity  is  included  between 
tbe  two  velocities  thus  obtained,  and  (28,  SI)  takes  the  arith- 
metical mean  as  better  than  either,  and  as  tme  (inter  termtno*). 

It  may  be  added,  that  Nepair  devotes  several  sections  of  his 
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Constniotio  to  the  diBCUBSion  of  the  doctrine  of  limits  (de  aeeura- 
titme);  that  hia  logBritbmB  vera  denounced  bj  the  metaphyaicians 
of  hU  day  as  founded  on  the  false  system  of  appioximation,  bat 
that,  fortunately  for  the  progress  of  exact  science,  their  ohjeclions 
were  unheeded. 

Sir  W.  Thomson  said,  that  the  metapbyaiciaDS,  wishing  to  find 
the  speed  of  a  vessel  at  12  o'clock  from  an  hour's  luu,  would  choose 
the  hour  from  12  to  1 ;  wbeieas  Napier,  NewtoD,  and  the  rest  of 
the  world,  would  take  it  from  11-30  to  1230. 


3.  ITote  on  Captain  A-  MoncriefTs  Bystem  of  working 
Artilleiy.  By  E.  W.  Thomson,  Esq.,  C.E.  A  Model  of 
Captaia  Moncrieflrs  Gun  Carriage  was  exhibited,  and  its 
mode  of  action  was  shown. 

4.  Note  on  an  undescribed  variety  of  Flexible  Sandstone. 

By  T.  0.  Archer,  Esq. 

The  foUowii^  gentleman  was  admitted  a  Fellow  of  the 
Society: — 

Dr  R.  CitAio  MACLiOis,  F.B.C.P.E. 
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ROYAL  SOCIETY  OF  EDINBURGH. 


Monday.  15th  February  1869. 

Db  CHEISTISON,  President,  in  the  Chair. 

At  the  request  of  the  Council,  Mr  Geikie  gave  the  fol- 
lowing Address  on  the  Progress  of  the  Geological  Survey 
of  Scotland.* 

Before  proceeding  to  the  special  subject  of  tbis  Etddress,  I  have 
thought  that  it  might  be  of  iuterest  to  the  Society  to  lay  before 
them  a  brief  outline  of  the  history  of  geological  map-malting  in 
Scotland,  previous  to  the  time  when  the  task  was  undertaken  by 
the  Geological  Survey.  I  do  not,  indeed,  presume  to  enter  upon  any 
general  retroepoct  of  the  literature  of  Scottish  geology,  but  will 
content  myself  with  selecting  for  remark  a  few  of  the  more  eminent 
contributors,  on  whose  labours  the  present  general  geological  maps 
of  the  country  are  based,  These  maps  are  compiled  from  the  resn^s 
obtained  by  many  different  geologists,  working  independently  dur- 
ing the  last  fiftyor  sixty  years.  Some  of  the  men  whose  researches 
have  in  this  way  been  made  use  nf,  never  themselves  produced  any 
map,  but  their  descriptions  of  tbe  districta  traversed  by  them  served 
afterwards  as  a  basis  for  the  maps  of  others. 

The  first  geologist  who  attempted  to  map  any  large  distriot  of 

■  Aa  a  rule,  tbe  renilU  of  tbe  Q«ologica1  Borvey  aie  not  pnblisbed  notil 
tbe;  app«Bx  in  tbe  proper  official  form.  Wben,  however,  tfas  Conndl  of  tbe 
Bojal  Society  reqneated  me  to  give  an  acooDnt  of  the  progren  of  the  Surrey, 
I  felt  that  the  ordinary  rule  mi(;ht  here  with  mnch  adraatsge  be  set  aside ; 
and  on  referring  the  matter  to  the  Di rector- Qecieral,  Sir  Boderick  Hnrchiion, 
he  took  the  game  view,  and  cordially  gava  hia  aaaent. 
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Scotlaod  in  coDsiderable  detail,  was  Dr  MocCulloch.  During  a 
series  of  years  he  employed  himself  in  carrying  on  a  geological 
suivey  of  the  Western  Islands,  and  published  the  results  from  time 
to  time  in  the  TraDsactions  of  the  Crcological  Society  of  London. 
At  length,  in  the  summer  of  1819,  tie  collected  these  scattered 
notices,  rearranged  aud  enlarged  them,  and  published  them  as  his 
well-known  work  on  the  "Western  Islands.  Accompanying  the 
text  was  a  volume  of  plates,  including  detailed  maps  of  the  islands, 
with  sections  explanatory  of  their  geological  structure.  This  is 
one  of  the  most  important  contribulious  ever  made  to  Scottish 
Qeology.  It  laid  down  with  some  detail,  and  for  tbe  first  time, 
the  geological  structure  of  the  long  chain  of  islands  from  the  Isle  of 
Man  to  the  Butt  of  Lewis,  along  with  a  portion  of  the  adjoining 
mainland.  It  was  accomplished,  too,  at  a  time  ere  steamers  had 
been  established,  and  when  travelling  in  that  region  entailed  no 
little  inconvenience,  and  even  personal  risk. 

In  the  early  part  of  this  century  there  existed  at  Edinburgh  a 
flourishing  School  of  mineralogy  and  geology,  under  the  leader- 
ship of  Professor  Jameson.  That  able  and  enthusiastic  teacher 
infused  into  his  pupils  much  of  the  zeal  with  which  he  himself 
pursued  his  favourite  path  of  science.  Though  he  travelled  far 
and  near  over  Scotland,  and  gave  frequent  notices  of  his  labours 
to  the  various  learned  societies  with  which  he  was  connected,  he 
published  hut  a  small  part  of  the  mass  of  information  which  he 
had  accumulated.  It  was  indeed  to  his  class  at  tbe  University 
that  he  made  known  his  observations  and  deductions,  and  he  lived 
to  see  the  seed  which  he  bad  there  sown  bear  goodly  fruit  in  the 
career  of  not  a  few  eminent  naturalists.  One  of  his  early  pupils, 
to  whom  the  cause  of  geology  in  this  country  stands  largely  in- 
debted, was  Dr  Ami  Bou6,  a  native  of  Hamburg,  who  had  come 
to  Edinburgh  to  study  medicine,  and  who  took  his  degree  in  the 
year  1817.  During  his  residence  in  Scotland  BouS  greatly  dis- 
tinguished himself  by  his  zeal  in  tbe  prosecution  of  geology.  He 
made  long  and  frequent  journeys  in  almost  every  part  of  the 
country,  comparing  the  rocks  of  one  district  with  those  of  another, 
and  gathering  together  from  his  own  observations,  as  well  as  from 
the  recorded  researches  of  others,  a  large  and  valuable  mass  of 
information  regarding  the  geology  of  Scotland,  which  he  published 
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in  Paris  in  the  year  1822  as  an  "  Eseai  Cr^ologiqne  but  I'EcoaBe." 
This  volume,  besides  its  detailed  descriptions  of  the  rocks  of  the 
country,  contains  a  coloured  geological  map,  and  a  series  of  plates 
of  illustrative  sections.  The  map  has  a  peculiar  interest  in  our 
.  present  inqniry.  The  outlines  of  the  geological  stracture  of  the 
kingdom  are  there  hroadly  sketched.  He  traces  the  general  area 
occupied  by  the  gneiss,  and  what  be  calls  the  "  cfaloritic  and 
quartzose  rocks"  of  the  Highlands,  the  position  and  extent  of  the 
great  coal-field  of  the  Midland  Valley,  and  the  limits  of  the 
"greywacko"  of  the  Southern  Dplands.  He  distinguishes  the 
granites,  syenites,  and  porphyries,  and  roughly  separates  the  rocks 
of  volcanic  or  trappean  origin,  according  to  their  respective  ages. 
In  this  latter  subject  his  observations  were  far  in  advance  of  his 
time.  He  had  studied  some  of  the  extinct  volcanic  districts  of  the 
Continent,  and  gained  a  familiarity  with  volcanic  phenomena  which 
gave  him  a  great  advantage  over  his  Scottish  contemporaries,  who 
were  still  disputing  whether  or  not  the  trap-rocks  of  their  country 
had  reallyavolcanic  origin.  The  map  on  which  Dr  BonS  inserted 
hia  broad  generalisations  was  of  course  merely  an  outline  or  sketch, 
necessarily  full  of  inaccuracies  and  omissions,  ^ut  in  some  im- 
portant respects  it  foreshadowed  the  maps  that  have  succeeded  it.* 
While  the  Edinburgh  School  of  Geologists  continued  to  furnish 
descriptions,  and  sometimes  also  maps  of  different  geological  dis- 
tricts, Dr  MacCulloch  carried  on  his  own  independent  researches, 
and  brought  them  at  intervals  before  the  Geological  Society  of 
London.  He  had  been  required  by  the  Board  of  Ordnance  to  make 
some  special  investigations,  partly  with  a  view  to  discover  some  one 
mountain,  the  geological  atnictnre  of  which  might  afford  a  prospect 
of  repeating  with  greater  reliability  the  experiments  made  by  Dr 
Maskelyne  upon  Scbihallien  to  estimate  the  weight  of  the  earth. 
In  the  course  of  these  and  other  journeys  he  had  noted  upon  a 
map  the  geological  structure  of  each  district  examined ;  and  find- 
ing at  last  that  a  considerable  area  of  the  country  had  been  thus 
delineated,  he  represented  to  the  Board  of  Ordnance  the  propriety 

■  Dt  Bou£  Btill  retains  hie  yonthrul  entbnuaem.  He  ifl  reeident  at  Vieana, 
from  which  place  I  have  rccentlj  had  Bome  interestiiig  letters  from  him,  full 
of  goBBJp  about  EdiobuTgh  in  the  eailj  part  of  this  contary,  and  of  refereucGi 
to  hii  own  waDderiugs  in  Scotluid. 
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of  seouring  s  graut  from  FarliameDt  to  ensure  a  complete  geolo- 
gical map  of  the  whole  ooatitry.  This  application  was  eventually 
acceded  to  by  the  TreaBury,  and  Dr  MaoCulloch  was  empowered 
to  extend  and  complete  his  surrey  at  the  public  coat.  The  map 
on  which  be  laid  down  his  geological  lines  ijae  that  of  Arrow- 
smith,  on  the  scale  of  a  quarter  of  an  inch  to  a  mile.  It  was 
published  in  1832,  and  the  memoir  descriptive  of  it  appeared  in 
1836,  the  author  having  meanwhile  died  from  a  melancholy  acci- 
dent ill  1835. 

UacCuUocb's  Geological  Map  of  Scotland  has  long  token  its 
place  among  the  classics  of  geology.  The  outlines  of  the  geolo- 
gical structure  of  the  couutry  are  much  more  fully  traced  than 
Bou6  attempted  on  bis  little  sketch-map ;  and  although,  like  the 
latter,  it  is,  and  could  not  fail  to  be,  full  of  errors  and  omiBsiouB, 
it  must  ever  remain  a  remarkable  monument  of  the  industry  of  a 
single  observer.  It  would  have  been  well  for  MacGuUoch's  repu- 
tation had  he  lived  to  see  through  the  press,  the  memoir  explana- 
tory of  the  map.  We  can  hardly  believe  that,  though  he  had 
written,  he  would  in  his  calmer  moments  have  published,  bo  much 
intemperate  invective  against  possible  oritioa  of  bis  map,  or  so 
much  special  pleading  which  showed  only  too  well  bow  thoroughly 
be  was  himself  aware  of  the  shortcomings  of  bis  work.  He  would 
doubtless  have  come  to  see  that  the  only  course  open  to  him  was 
to  show  simply  what  he  had  done,  what  he  wished  to  do  had  his 
materials  and  opportunities  permitted,  and  to  confess  that  his  map, 
with  all  its  imperfections,  could  only  be  regarded  as  a  first  rough 
draft  of  what  be  conceived  a  geological  map  of  Scotland  should  be.* 

The  Transactions  of  the  Geolngical  Society  of  London,  besides 
the  numerous  contributions  of  Dr  MocCullocb,  were  likewise  en- 
riched with  some  valuable  papers  in  Scottish  geology  by  Sir 
Roderick  (then  Ur)  Murchison  and  Professor  Sedgwick.    Such  were 

*  lu  Bpeii,)[JDg  of  futoie  carrectioas  and  impioTemeitts  of  bis  map,  Dr 
MacCulloch  remarks,  that  they  will  not  require  the  energieB  of  "  a  reSned 
geologist."  "  The  rocks  ma  fev,  Emd  it  ia  easj  to  leain  to  recognira  tbem  ; 
there  is  nothing  which  any  mnn  may  not  attain,  on  thia  narrow  aobject,  with 
a  few  weeks  of  Biperienoe.  It  will  confer  no  particular  fain«  on  any  future 
Belf-coDstitnted  geologist,  to  have  done  what  conld  have  been  effected  by  a 
iorveyor'a  drudge,  or  a  Scottish  quarryman."  [  1  ]— Jffliioir*  to  hit  Majt^'t 
Truuarg  rapeeloig  a  GtologiaU  Saney  of  Steltmd,  1886,  p.  17. 
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tbeir  memoirs  on  the  Bed  Sandstones  of  the  DortherD  counties,  on 
the  Structure  of  Arran,  and  Sir  Koderick's  first  important  osn&y — 
that  on  the  Secoodaiy  Bocks  of  the  north  of  Scotland. 

Shortly  after  the  publication  of  MacCulloch's  map,  the  Highland 
and  Agricultural  Society  of  Scotland,  impressed  with  the  necessity 
of  more  detailed  and  accurate  geological  information  than  had  yet 
been  given,  began  to  offer  liberal  premiums  for  sarreys  and  de- 
scriptions of  various  parts  of  the  kingdom.  The  result  of  this 
scheme  was  the  publication  of  a  series  of  prize  essays  and  maps  of 
different  counties  and  districts)  full  of  valuable  information,  and 
much  more  in  detail  than  anything  which  had  been  before  attempted 
for  the  same  parte  of  the  country.  The  first  essay  in  the  order  of 
issue  was  that  of  Mr  Milne- Home  on  Berwickshire,  which  appeared 
in  1836,  and  afterwards  there  came  at  intervals  memoirs  on  the 
counties  of  Boxburgh,  Peebles,  Sutherland,  Banff,  Benfrew,  Dum- 
fries, Kirkcudbright,  &c. 

The  Wemerian  Society,  also,  about  the  same  time,  proposed  a 
series  of  geological  essays,  with  premiums  for  the  successful  com- 
petitors. One  of  the  subjects  fur  competition  was  a  geological 
BGOOUDt  and  map  of  the  three  Lotbians,  and  the  prize  was  awarded 
in  1836  to  Mr  Hay  Cunningham  for  his  now  well-known  memoir 
on  that  subject  published  in  the  Society's  Transactions, 

The  published  journals  of  the  different  scientific  societies  con- 
tinued to  receive  occasional  contributions  in  descriptive  geolc^ 
with  accompanying  maps,  such  as  Mr  Milne-Home's  account  of 
Boxburghshire,  Mr  Stevenson's  Geology  of  Cockburn  Law  and  of 
the  Eastern  Lammermnin,  Sir  B.  Murcbison's  Q-eology  of  Carrick, 
and  others;  while  now  and  then  there  appeared  a  separate  work, 
such  as  Mr  Maclaren's  Geology  of  Fife  and  the  Lothians. 

Using  MacCallooh's  map  as  a  basis,  amending  it,  and  adding  to 
it  the  work  of  the  different  subsequent  labourers  in  the  field.  Pro- 
fessor Nicol  published  a  Geological  Map  of  Scotland  in  1858.  Its 
scale  was  ten  miles  to  an  inch.  Among  the  improvements  which 
distinguished  it  from  all  preceding  ma|ffi  of  the  country  was  the 
separation  of  the  red  sandstone  of  the  north-west  coast  from  the  old 
red  sandstone  of  the  rest  of  the  island — a  change  rendered  necessary 
by  the  results  of  the  conjoint  researches  of  Sir  Boderick  Murchison 
and  Mr  Nicol.    In  the  year  1859,  Sir  Boderick,  who  since  1826 


ny  Google 


492  Proceedings  of  (he  Royal  Society 

bad  from  time  to  time  published  important  contributions  on  the 
geology  of  his  native  country,  gave  to  tiie  wotld  a  geological 
sketch-map  of  the  Scottish  HighUnds,  baaed  upon  the  results  of 
the  labours  of  several  summers  spent  by  him  tu  the  north-veatem 
counties.  In  this  map  the  crystalline  rocks  of  the  Highlands  were 
for  the  first  time  brought  into  recognisablo  geological  relationship 
to  the  other  rocks  in  the  British  islands.  Taken  along  with  the 
different  memoirs  of  which  it  was  an  embodiment,  it  may  indeed  be 
said  to  have  revolutionised  the  geology  of  the  northern  half  of  the 
kingdom.  Subsequently,  after  an  exploration  of  the  Western  and 
Central  Highlands  by  Sir  Roderick  and  myself  in  company,  we 
published  in  1861  a  first  sketch  of  a  new  geological  map  of  Scot- 
land, in  which  the  geological  structure  of  the  Highlands  (as  dis- 
tinguished from  the  mere  distribution  of  different  kinds  of  lock) 
was  more  definitely  traced  ;  the  subdivisions  of  the  old  red  sand- 
stone and  carboniferous  formations  were  put  down,  and  an  attempt 
was  made  to  arrange  chronologically  the  different  trappe&n  rocks 
of  the  kingdom.  The  map  was  on  a-very  email  scale,  and  was 
necessarily  imperfect,  and  in  places  erroneous,  being  offered  only 
as  a  rough  outline  to  show  in  a  graphic  form  our  views  of  the 
general  geological  structure  of  the  country. 

The  necessity  of  a  detailed  investigation  of  the  structure  of  the 
United  Eingdom  was  recognised  by  Parliament  in  183S,  and  Sir 
Henry  de  la  Beche,  who  had  at  his  own  charges  made  some  pro- 
gress in  a  survey  of  the  south-west  of  England,  was  emjiowered 
to  employ  some  assistants,  under  the  Board  of  Ordnance.  His 
small  staff  was  called  the  Ordnance  Geological  Survey.  Subse- 
quently, in  184S,  the  great  advantages  of  such  a  sarvey  having  by 
that  time  been  more  fully  perceived  by  (rovernment,  the  number 
of  geologists  was  increased,  and  the  staff  transferred  from  the 
Board  of  Ordnance  to  the  Board  of  Works.  Since  that  period  the 
geological  survey  has  grown  still  further,  and  is  now  under  the 
Department  of  Science  and  Art. 

The  object  of  this  national  Survey  is  to  ascertain  in  detail  the 
geological  stmcture  of  the  country,  to  publish  illustrative  maps, 
sections,  and  descriptive  memoirs,  and  to  collect  and  exhibit 
specimens  of  the  rocks,  minerals,  and  fossils  met  with  in  the  course 
of  the  inquiry.     Tiie  maps  on  which  the  field  work  is  conducted 
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are  those  prepared  by  the  Ordnance  Survey.  Hence  as  tbeee  maps 
muBt  be  obtained  before  geological  Burreytng  can  go  on,  the  pro- 
gress of  the  Geological  is  necessarily  in  a  great  measure  dependent 
upon  that  of  the  Ordnance  Survey.  Owing  to  the  want  of  the 
Ordnance  maps,  it  was  not  possible  to  extend  the  Geological  Sur- 
vey to  Scotland  until  the  year  1851,  when  a  beginning  was  made 
by  Profeesoi  Bamsaj.  Only  two  geologists  could  be  spared  for  the 
Scottish  survey,  and  this  continued  for  several  years  to  be  the 
whole  of  the  elaff  employed  in  this  part  of  the  United  Kingdom,  the 
backward  state  of  the  Ordnance  Survey  rendering  any  considerable 
increase  of  the  geological  surveyors  impossible.  At  last,  a  more 
liberal  Parliamentary  grant  enabled  the  Director  of  the  Ordnance 
Survey  to  proceed  much  more  rapidly  with  the  publication  of  the 
Ordnance  maps.  It  therefore  became  desirable  to  expedite  at  the 
same  time  the  progress  of  the  G-eological  Surrey,  and  the  late 
Government,  after  a  full  consideration  of  the  subject,  towards  the 
close  of  the  year  1866  resolved  to  reconstruct  the  staff  of  the 
Geological  Survey,  and  largely  to  increase  its  numbers.  Hitherto 
the  establishment  had  consisted  of  two  branches — one  for  Great 
Britain,  with  head-quarters  in  London,  and  one  for  Ireland,  with 
head-quarters  in  Dublin.  It  was  now  determined  that  there  should 
be  three  branches,  each  under  a  separate  resident  director,  and 
with  an  adequate  staff — one  for  England  and  Wales,  under  Pro- 
fessor A.  C.  Bamsay;  one  for  Ireland,  under  Mr  Jukes;  and  one 
for  Scotland,  under  my  own  charge  ;  the  three  hranches  still  re- 
maining under  the  control  of  the  Director- Gen  oral.  Sir  B.  I.  Mnr- 
chison.  With  this  great  increase  of  strength,  the  Geological  Sur- 
vey of  Scotland  is  now  making  rapid  progress ;  and  as  the  Ordnance 
maps  of  the  whole  of  the  eoutbern  half  of  Scotland  are  published, 
DO  hindrance  is  anticipated  in  the  completion  of  the  geological 
investigation  of  that  part  of  the  country. 

On  a  former  occasion,*  I  had  an  opportunity  of  laying  before 
the  Society  a  narrative  of  the  progress  of  the  Survey  during  the 
first  ten  years  of  its  existence.  I  pointed  out  that,  commencing 
in  East  Lothian,  it  gradually  crept  westward  to  the  borders  of 
Stirlingshire,  and  southwards  to  those  of  Dumfries,  Roxburgh,  and 

■  Addreaa  given  at  the  TeqneBt  of  ths  Council  on  6th  Februar;  1866.  See 
ProoBoding*,  vol.  v.  p.  856. 
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Berwick  ;  tbat  its  further  advance  into  the  central  coal-field  being 
impoBBible  for  want  of  the  Ordnance  maps,  it  was  traneferred  to 
Fife,  and  spread  over  the  whole  of  that  county  and  Zinrou  to 
the  Firth  of  Tay  and  the  confines  of  Ferthahire;  and  that  the 
maps  of  the  Clydesdale  and  Stirlingshire  coal-lield  still  failing, 
the  geological  surveying  was  at  laat  commenced  from  a  new  centre 
in  the  south  of  Ayrshire  during  the  autumn  of  tbe  year  1863. 
Since  that  time  the  work  has  advanced  eteadily  northwards  and 
eastwards.  The  large  connty  of  Ayr  is  now  surveyed,  and  the 
maps  of  it  partly  published,  and  partly  engraving.  Half  of  Ben- 
frewshire  is  finished,  and  the  survey  of  the  Clyde  coal-field  under 
my  colleague  Mr  Hull,  is  advancing  round  Glasgow.  The  work 
of  the  Survey  is  now  extended  across  the  island  from  sea  to  sea, 
and  is  at  present  diverging  from  this  completed  belt,  northwards 
through  the  rich  mineral-fields  of  Lanarkshire  and  Stirlingshire, 
and  southwards  over  the  counties  of  Wigtown,  Kirkcudhrigfat,  Dum- 
fries, and  Peebles. 

The  field-work  is  traced  upon  the  six-inch  maps  of  the  Ordnance 
Survey,  and  is  then  reduced  and  engraved  upon  the  one-inch  maps ; 
the  general  geological  map  of  the  whole  kingdom  being  published 
on  the  scale  of  one  inch  to  a  mile.  But  wherever  any  workable 
minerals  occur,  in  addition  to  this  general  map,  there  are  likewise 
issued  sheets  on  the  six-inch  scale,  od  which  all  necessary  geologi- 
cal details  are  inserted.  In  this  manner  all  coal-fields  are  pub- 
lished on  the  large  scale,  though  also  included  in  the  general 
geological  map  on  the  smaller  scale.  In  order,  however,  that  the 
large  amount  of  detail  necessarily  accumulated  as  the  Survey 
advances  may  be  made  as  useful  to  the  public  as  pousible,  manuscript 
copies  of  six-inch  maps,  which  are  not  to  be  published,  are  famished 
under  certain  coaditions.  Landed  proprietors,  engineers,  andotheiH 
thus  obtain  detailed  geological  surveys  merely  at  the  cost  of  the 
manual  transcription  of  the  original  field-maps. 

Tlie  area  which  bos  now  been  mapped  amounts  in  all  to  about 
4100  square  miles.  Of  this  area,  2209  square  miles  have  been 
published  on  the  one-inch  scale.  'About  800  square  miles  are  now 
in  the  course  of  being  engraved,  and  tbe  rest  is  in  progress.  Nine 
sheets  of  the  one-Inch  map  have  been  published,  comprising  the 
whole  or  parts  of  the  counties  of  Edinburgh,  Haddington,  Linlith- 
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gow,  Fife,  EinrosB,  Feeblee,  Selkirk,  Lanark,  Ayr,  and  Kirkcud- 
bright. Id  addition  to  these  maps  on  the  scale  of  one  inch  to  a 
mile,  tbirty-aix  sheete  of  the  coal-field  maps,  on  the  scale  of  six 
inches  to  a  mile,  have  been  pablished,  inclading  the  coal-fields  of 
Hid-Lotbian,  East  Lothian,  Fife,  and  Ayrsbiie.  A  conaiderahle' 
number  more,  now  in  the  hands  of  the  engraver,  embrace  the 
northern  half  of  the  Ayrshire  coal-field,  with  part  of  the  great 
coal-basin  of  the  Clyde.  In  addition  to  the  maps,  sheets  of  hori- 
zontal sections  are  published,  to  explain  the  structure  of  the 
country,  and  also  vertical  sections,  to  illostrate  the  strata  of  the 
different  coal-fields.  Descriptive  memoirs  are  likewise  issued  along 
with  the  maps,  giving  the  detailed  evidence  on  which  the  geological 
lines  have  been  drawn,  list  of  fossils,  and  all  important  information 
obtained  in  the  coarse  of  the  survey.* 

I  shall  now  proceed  to  indicate  some  of  the  more  important 
scientific  results  which  have  been  obtained  by  the  Geological 
Survey  of  Scotland  during  the  four  years  which  have  elapsed  since 
I  last  addressed  the  Society  upon  this  subject.  Beginning  with  the 
oldest  rocks  we  have  examined,  I  may  remark  that  tlie complicated 
Silurian  geology  of  C&rrick  bos  been  mapped,  and  a  large  suite  of 
fossils  collected  from  that  district.  From  the  south-west  of  Ayr- 
shire the  lower  Silurian  rocks  have  been  traced  across  Nitbsdale  and 
Clydesdale  into  the  valley  of  the  Tweed.  In  the  prosecution  of 
the  work,  within  the  last  few  months  an  important  discovery  has 
been  made  by  one  of  the  younger  members  of  the  Survey,  Mr  S.  L. 
Jack — ^riz.,  the  occurrence  of  a  bed  of  fossiliferons  conglomerate, 
which  has  been  traced  for  about  five  miles  among  the  Leadhills. 
The  fossils  have  not  yet  been  examined,  but  there  seems  much 
probability  that  this  bed  will  prove  to  be  a  prolongation  of  the  well- 
known  Wrae  limestone,  and  thus  define  the  age  of  the  strata  of  the 
Leadbill  district.  A  large  area  of  Old  Sed  Sandstone  has  now  been 
examined,  including  the  whole  region  between  St  Abb's  Head  and 

*  In  the  conrso  of  hia  remarks,  the  gpeiiker  pointed  to  a  large  map  of  the 
•outhem  half  of  Scotland,  on  the  scale  of  one  inch  to  a  mile,  on  which  all 
the  area  yet  sorreyod  bj  the  Geologioal  Survey  was  colonrei  There  were 
likewise  suspended  on  the  wall  specimens  of  tlie  maps  of  the  coal-iiolda  of 
Fife  and  Ayrshiro,  on  the  ecnle  of  all  inchca  to  a  mile  ;  Bpecimens  of  the 
horisontal  and  vertical  sectioim,  and  of  the  duplicate  manasciipt  maps  pre- 
served in  the  olSce  of  the  Survey. 
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the  south-weat  of  Ayrshire.  Three  distinct  diTieious  have  been 
ascertained — an  upper  series,  graduating  npwards  into  the  Carboni- 
ferous formation,  well  seen  in  East  Lothian  ;  a  middle  group,  ext«n- 
sively  developed,  to  the  south  of  the  town  of  Ayr;  and  a  lower 
group,  which  reaches  an  enonnons  thickneaa,  and  paEses  down  into 
the  Upper  Silurian.  In  this  lower  division,  as  it  apjiroachee  its 
north-eaetera  limit,  a  remarkable  local  unconformity  has  been 
ascertained  by  the  recent  researches  of  Sir  B.  H.  Peaofa  and  myself. 
Id  the  Peotland  Hills  the  conglomerates  and  Bandstones  rest  upon 
the  vertical  abraded  edges  of  the  Upper  Silurian  rocks ;  while  only 
a  few  miles  distant,  in  the  parish  of  Lesmahagow,  there  is  no  snch 
break,  but  the  one  series  passes  regalarly  into  the  other.  The 
Pentland  Hills,  therefore,  ci^tain  two  groups  of  strata,  both  belong- 
ing to  the  lower  Old  Bed  Sandstone,  bnt  the  one  lying  qnite 
unconfoTmahly  on  the  other.  It  seems  not  improbable  that  the 
great  development  of  contemporaneous  igneous  rocks  asaociated 
with  these  strata  in  the  Pentland  area  may  have  hod  something  to 
do  with  the  origin  of  this  local  break  in  the  suoceasion  of  the 
deposits.*  Much  attention  has  been  bestowed  by  the  Survey  dur- 
ing the  last  few  years  upon  the  lower  members  of  the  Garboniferoas 
system.  The  result  is  that  a  twofold  division  has  been  made  of  that 
hitherto  vaguely  defined  set  of  strata  called  by  the  late  Hr  Charles 
Maclaren  the  Gal ciferous  Sandstones,  and  lying  between  the  top  of 
the  Old  Bed  Sandstone  and  the  base  of  the  Carboniferous  limestone. 
New  light  has  consequently  been  thrown  npon  !he  history  of  the 
earlier  portions  of  the  Carboniferous  period  in  Scotland.  The  lower 
part  of  the  GalciferouB  sandstones  consists  of  a  thick  but  variable 
group  of  red  sandstones  extensively  developed  in  Ayrshire,  Arran, 

■  In  Vol.  v.  of  tbe  Proceedings  of  this  Society,  p.  S60,  I  have  given  »  iee- 
tionof  the  Pentland  nille,«liich  remains  true,  tliongh  I  havti  since  learnt  mora 
of  the  relatio&i  of  the  rocks  there  shown  to  the  strnclnre  of  this  oonntrr  at 
large.  The  series  in  the  section  marked  e  is  staled  to  be  "  a  middle  diiisioD 
of  the  Old  Bed  Sandstone,"  which  ie  locallj  true,  thonfch  more  extended 
reaeaiches  ihow  that  tbe  great  discordance  between  (  and  b,  disappeara  in  the 
coorse  of  a  few  miles,  e  is  in  reality  only  an  nppei  nnconfbrmable  portion 
of  h.  Again,  the  relation  of  the  strata  marked  ■  to  those  below  is  cor- 
lect'y  shown  in  the  section,  bnt  I  am  now  conviaced  that  the  red  urndstonea 
of  the  Cairn  Hills  (>)  are  only  a  prolongation  of  that  great  band  of  red  aand- 
■tonee  which  forms  the  base  of  the  Carbonifarona  series  tbnmgbout  the  west 
of  Scotland. 
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and  Bute,  aod  etretchiDg,  as  I  have  now  ascertained,  bctobb  the 
ialand  to  the  coast  or  Haddington  and  Berwick.  Between  these 
lower  sandstones  and  the  base  of  the  CarbooifeioaB  limestone  comee 
a  group  of  strata  possessing  much  interest  from  the  variations  which 
it  exhibits  in  thickness  and  in  the  nature  of  its  component  strata. 
Id  some  districts  it  is  altogether  absent,  and  then  the  limestones 
and  the  red  eandstones  come  together.  But  again,  at  no  great  dia- 
tance,  it  reappears,  and  soon  acquires  a  considerable  thickness.  In 
the  western  part  of  the  conntry,  it  consists  of  grey  and  white  sand- 
atones,  pale  gtey,  green,  or  mottled  marls  and  shales,  with  bands  of 
cement  stone,  sometimes  with  dark  shale  and  ironatose.  The 
Ballagan  beds  of  the  Campsie  Hills  belong  to  this  group.  In  the 
eastern  half  of  the  country,  throughout  the  Lothians,  it  is  made  up 
of  thick  white  sandstones,  black  shales,  ironstones,  some  beds  of 
limestone,  and  even  of  coal,  its  most  important  components  being 
those  bituminous  shales  from  which  oil  is  now  so  eztenaively 
obtained.  In  the  east  of  Pife  it  contaioa  a  great  many  bands  of 
limestone,  having  the  fossils  and  general  aspect  of  true  carbonifer- 
ous limestone  beds,  while  in  Berwickshire  it  reassumee  the  aspect 
which  it  shows  in  Ayrshire  and  the  west. 

Daring  the  progress  of  the  Survey  in  Ayrshire,  we  have  been 
fortunate  enough  to  bring  to  light  a  new  page  in  the  history  of 
volcanic  action  in  this  country — viz.,  the  existence  of  a  remarkable 
series  of  metaphyrss,  porphyrites,  ashes  and  volcanic  agglomerates, 
interbedded  in  the  Permian  series  of  that  county  and  of  Dumfries- 
shire. These  rocks  are  of  Permian  age,  and  prove  the  existence  of 
a  group  of  active  volcanic  vents  at  that  geological  period  in  tbe 
south-west  of  Scotland.*  In  connection  with  this  subject,  I  may 
mention  that  we  have  now  accumulated  a  large  body  of  evideuce 
regarding  the  dates  and  extent  of  ancient  volcanio  actioD  in  Soot- 
land.  The  oldest  volcanic  rocks  we  have  yet  encountered  belong 
to  the  Lower  Old  Bed  Sandstone ;  they  are  well  seen  in  the  chain 
of  tbe  Ochil  Hills,  and  in  the  range  of  broken  heights  which  stretches 
from  the  Braid  Hills  at  Edinburgh  south- westward  across  Clydes- 
dale and  Nithsdale,  almost  to  the  coast  of  Ayrshire.  Then  comes 
a  group  which  eeems  to  form  a  middle  division  in  the  Old  Bed 
Sandstone,  and  is  Been  in  the  south  of  the  county  of  Ayr.  The 
•  See  Oeol.  Hag.  for  June  1866. 
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Upper  Oil!  Bed  Sandstone  bIiowb  trEUjea  of  contemporaiieons 
volcanic  activity  in  Berwickshire.  During  the  euty  half  of  the 
Carboniferous  period  the  volcaniu  forces  were  amazingly  bnsy  all 
over  central  Scotlaod.  To  that  time  must  be  refened  the  hitla  of 
the  south  of  Arrao  and  of  Bute,  the  Dorth  of  Ayiahiie,  Benfrew- 
ahire,  the  Ceunpsie  Fells,  and  most  of  the  craggy  bills  which 
roughen  the  basin  of  the  Forth  from  Stirling  to  the  May  Island 
and  the  Bass  Bock.  Then  come  the  Permian  volcanic  rocks  of  the 
BOuth'weBtem  counties.  And  lastly,  we  have  those  strange  per- 
sistent dolerite  dykes,  which  cross  all  the  other  iccks  and  even 
large  faults,  and  which  range  from  south-east  to  north-west,  or  from 
east  to  west  towards  the  great  mass  of  dolerites  and  basalts  stretch- 
ing from  the  south  of  Antrim  along  the  western  seaboard  of 
Scotlnnd.  Those  dykes  I  have  formerly  shown  to  the  Society  to  be 
probably  of  miocene  age.* 

Several  areas  of  metamorphic  rooks  Lave  been  mapped.  The 
gradual  passage  of  ordinary  BedimeDtary  rocks  into  crystalline  com- 
pounds, and  thenoe  Into  various  porphyriee,  syenites,  and  granites 
has  been  traced,  particularly  by  Ur  James  Qeikie,  both  among  the 
Lower  Silnran  and  Lover  Old  Bed  Sandstone  seiies  of  Ayrshire. 
The  details  which  have  been  gathered  in  the  course  of  these  inves- 
tigations will,  it  is  hoped,  throw  considerable  light  upon  the 
metamorphism  of  rock-masses. 

While  the  structure  of  the  rocks  underneath  is  thus  delineated 
on  the  maps,  attention  at  the  same  time  is  directed  to  the  superfi- 
cial deposits,  which  are  all  mapped  out  in  the  same  detail.  The 
various  divisions  of  the  Drift  series  are  traced,  and  as  the  work 
advances  the  movements  of  the  ice  of  the  glacial  period  become 
from  month  to  month  more  clear.  We  are  now  at  work  among  the 
uplands  of  Galloway,  and  I  anticipate  thence  a  large  accession  of 
information  regarding  the  history  of  the  Ice  Age  in  Scotland. 

It  is  impossible  that,  while  these  various  invest igations  are  in 
progress,  attention  should  not  often  be  called  to  the  relation  between 
the  structure  of  the  rocks  underneath  and  the  form  that  they  as- 
sume above  ground.  The  nature  of  our  work  necessitates  frequent 
reflection  upon  this  subject,  and  implies  the   accumulation  of  a 
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La^  mass  of  ditta  from  which  the  origin  of  the  present  onUioeB  of 
the  country  may  be  deduced.  These  data  ore  publiehed  upon  the 
maps  and  BeotiooB.  The;  Beem  to  me  to  prove  iiresLBtibly  the  truth 
of  the  doctrine,  which  waafint  propounded  within  tlie  walls  of  this 
Society  hy  Hutton,  that  the  existing  Gont«nr  of  the  land  is  not  to  be 
traced  back  to  the  operation  of  eartbqvakea,  upheavals,  and  depres- 
sions, but  mainly  to  the  eroding  influencea  of  rain,  springs,  rivers, 
ice,  and  the  sea.  In  illustration,  I  would  point  to  the  map  ana- 
pended  Dpon  the  wall,  and  show  how  the  lines  of  large  fracture 
ascertained  by  the  Greological  Survey  are  not  marked  at  the  surface, 
as  a  general  rule,  by  any  corresponding  valley  or  depression ;  while, 
on  the  other  hand,  the  existing  valleys  and  ravines,  instead  of  coin- 
ciding with  lines  of  fault,  as  ia  too  often  assumed,  in  reality  run 
across  these  lines  in  all  directions,  and  without  any  reference  to 
them  at  all.  It  must  be  a  subject  of  congratulation  among  the 
Fellows  of  this  Society  to  find  that  the  views  propounded  here  by 
their  illustrious  predecessor  Dr  Button,  after  being  almost  lost 
eight  of  for  more  than  half  a  century,  are  now  everywhere  gaining 
ground  rapidly,  and  that  there  is  a  growing  recognition  of  the  genius 
of  that  great  man.  Hutton,  as  it  appears  to  me,  is  the  true  father 
of  modem  physical  geology.  Only  now  are  we  coming  abreast  of 
him,  so  far  was  he  in  advance  of  his  time. 

The  following  GommuDicatiou  was  read : — 

On  Traces  in  the  Adult  Heart  of  its  traneitioas  in  form 
during  Fcetal  Life.  (Parti.)  By  P.  D.  Handyaide.M.D. 
(With  a  Plate.) 

In  this  paper  the  author  described  in  the  adult  human  heart 
certain  vestiga  of  ttrucfuret  which,  during  fietal  life,  exist  in  an 
entire  and  perfect  state.  At  birth,  however,  these,  ceasing  to  be 
of  use,  generally  disappear. 

In  allusion,  /rri,  to  the  Euatachiaa  valve,  he  exhibited  (and 
illucitrated  by  the  anuexed  sketch,  fig.  1),  an  apparently  unique 
specimen— obtained  in  his  dissecting-rooms  about  six  years  ago — 
namely,  a  very  large  and  reliculated  Eustachian  valve,  prolonged 
At  its  middle  third  in  the  form  of  a  semi -insulated  cribriform  fibrous 
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lamina,  taking  a  creecentic  form  continnouBly  throaghout,  and  after 
a  valvnlar  manner  ending  at  the  distanoe  of  thre&^JxteentliB  of  an 
inch  from  the  creet  or  rim  of  entrance  of  the  anperior  vena  cava. 

After  alluding,  tecondly,  to  the  significant  case  shown  and 
described  to  the  Society  on  the  4th  nit.  by  ProfeBBor  Tnmer,  Dr 
Handyside  showed  (fig.  2),  and  gave  a  sketch  of — 

Thirdly,  another  apecimen  from  his  rooms,  which  presents  on 
the  poateiior  wall,  and  at  the  rim  of  entrance,  of  the  superior  cava 
a  well  defined  and  deep  lacnua,  within  which  open  five  large  The- 
besitm  foramina.  The  caval  half  of  the  patulous  border  of  this 
lacuna  is  protected  by  an  oblique  semilunar  valve,  one  quarter  of 
an-inch  id  breadth  and  of  a  like  depth.  This  valve  is  composed 
of  a  duplicature  of  endocardium,  and  is  evidently  designed  to 
secure  the  entrance  of  blood  into  the  auricle.* 

The  author  next  compared  shortly  these  three  abnormal  cases, 
demonstrating  how  they  formed  at  once  a  graduated  scale  or  tm- 
atomical  series  mutnally  illustrative,  each  specimen  introducing 
to  the  mind  its  own  peculiar  features  of  morphological  interest. 
He  considered,  however,  theae  cases  as  chiefly  interesting — when 
compared  with  the  resnlta  of  certain  changes  undergone  by  the 
human  embryo  between  the  third  and  the  seventeenth  weeks  after 
conception — in  relation  with  the  structural  afGnities  they  present 
to  permanently  impressed  forms  in  some  cold  and  warm-blooded 

*  The  additioDBl  ebetuhea,  Sge.  S  and  4,  represent  peeulioritiea  io  two 
adult  hetuts,  aud  flg.  G,  in  a  fatal  heart,  dieeected  in  Dr  HaDdyeide's  looma. 
In  Sg.  8  a  valve  {i  inch  broad  by  (  inch  deep),  formed  of  endocardinm  with 
an  intervening  lamina  of  atrtped  mascle,  lay  within  and  parallel  to  tbe  po»- 
terior  aegmant  of  the  rim  of  tbe  enp«rior  cava.  In  flg.  4  ia  an  annEually 
Urge  peraiitent  EnstacbiaD  valve,  continnooi  at  its  left  insertion  with  a  atill 
more  remarkable  Thebesian  valve.  The  former,  which  la  very  large,  faaa  an 
inaulatad  fibrona  offset  from  iU  left  extremity,  which  mns' half-way  acrou 
the  ainuB  venosna  towards  tbe  tubercle  of  Lower,  and  then  dichotomoaalj 
divides  Bad  anbdividea  thrice  before  It  ia  implanted  into  the  arched  lino 
between  tbe  right  eontn  of  the  Eoatachian  valve  and  the  right  aegment  of 
tbe  rim  of  the  superior  cava.  Fig.  6  repreMnts,  in  aaalefcetuaof  6}nioDths, 
preaented  to  Dr  Handyside'a  museum  during  last  summer,  the  occnrronce  of  a 
complete  semilunar  valve  situated  at  tbe  terminatton  of  tbe  upper  vena  cava, 
its  convex  border  being  attached  to  tbe  anterior  and  right  wall  of  the  vein,  fla 
concave  free  border  projecting  into  the  anride  ua  of  this  valve 

■    jnaerted  into  the  auricular  wall  on  a  pl«r  bind,  and  de- 

cuaaating,  tbe  right  aaoondine  cornu  of  the  I  ralve. 
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animalB ;  after  a  like  manner  to  what  is  seen  in  the  venous  system 
of  fishes  as  a  permanent  form  of  structuie,  and  jet  presents  itself, 
but  temporar^jf  in  the  history  of  the  deTelopment,  during  theii 
embryo  state,  of  hiyher  vertebrate  animals.  He  referred  to  homo- 
logaes  in  the  Myzinoidei  family  of  Jukei ;  to  the  Ophidian  order  of 
reptHee;  among  birds,  to  the  Aquila  ehryidetos  and  the  Caeuariut 
emeu;  and  among  mammafi,  to  the  iTe^pAMMujiAoocna,  the  JfotnYiptu, 
the  EUepkaa,  the  Stenops  potto,  the  Simia  gorilla,  and  the  Simia 
troglodilet. 

The  author's  view  then,  morphologically,  is' — 1,  That  stiuc- 
tures  evolved  progreieively,  and  correBponding  at  given  points  to 
certain  permatwnl  elate*  in  the  vegetaiile  and  hnde  creation,  may  uni- 
formly be  traced  in  man  at  fixed  periods  of  his  embryonic  and  fcetal 
existence;  and  accordingly, — 2,  that  vestiges  in  the  adult  heart  of 
early  arrested  and  merely  temporary  structures — such  as  those  nar- 
rated by  the  author  in  this  paper — record  distinctly,  in  his  opinion, 
the  existence  of  definite  staget  ofemiri/onic  and  fatal  development  in 
man,  through  which  stages  he  invariably  passes  towards  his  perl'ect 
adaptation  for  higher  functions. 

(Port  Second  of  those  observations — On  the  Permanence  of  the 
Foramen  Ovale — is  reserved  for  another  paper). 

The  following  Gentleman  was  elected  a  Fellow  of  the 
Society : — 

Jaubs  Dsvi^  Esq.,  Auiitont  to  the  ProfeaBOi  of  Cbembtt;  in  tbe 

Uniienitj  of  Edinbnrgh. 

Monday,  ist  March  1869. 
Sib  WILLIAM  THOMSON,  Vice-President,  in  the  Chair. 

At  tbe  request  of  the  Coancil,  Professor  Allman  gave  an 
accoant  of  tbe  Anthropoid  Apes,  cbiefiy  with  reference  to 
specimens  recently  acqaired  hj  tbe  Edinbargb  Museum  of 
Science  and  Art. 

In  taking  cranial  capacity  as  a  ground  of  comparison  between  tbe 
Anthropoids  and  Man,  he  gave  some  measurements  of  skulls  con- 
tained in  the  lUaseum.  The  capacity  of  the  cranial  cavity  in  the 
Gorilla  skeleton  belonging  to  the  Ifuseum  is  29cDbio  inches.  Con- 
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siderably  larger  gorilla  ekullB,  howeTer,  have  been  measured.  The 
Bmallest  healthy  adult  hnmaD  skulls  in  the  Museum  are  those  of 
two  Andaman  Islanders.  OF  these,  one  has  a  cranial  capacity  of 
75'5  cnbic  incLes,  and  the  other  a  capacity  of  72  cubic  inches. 
Next  to  these  cornea  a  Peruvian  skull ;  its  cranial  cavity  meaeurefi 
76  cubic  inches.  The  smallest  healthy  adult  human  skull  measured 
by  Morton  was  also  that  of  a  Peruvian,  whose  cranial  capacity  mea 
snred  only  58  cubic  inches. 

In  taking  the  other  points  of  comparison  of  the  Anthropoid  Apes 
with  Man,  it  was  shown  how  most  of  the  alleged  differences  of  con- 
fonnation  disappear  on  a  atriot  examination ;  and  the  author 
defended  the  views  of  Huxley  and  those  anatomists  who  insist  on 
the  development  of  the  posterior  lobes  of  the  cerebrum  and  their 
associated  stmctures  id  the  Quadmmana,  as  in  Man. 

A  question,  however,  still  remains  for  determination.  Aft^r  eli- 
minating all  the-  tenable  points  of  divergence,  what  value  are  we 
jaatified  in  assigning  to  the  cbaracters  which  still  remain  7 

It  is  quite  certain,  as  has  been  urged  with  great  force  by  Huxley, 
after  an  exhaustive  comparison,  that  in  physical  conformation  Man 
approaches  more  nearly  to  the  Gorilla  and  the  Chimpanzee  than 
these  do  to  the  lower  Quadmmana.  Must  we,  therefore,  while  the 
Gorilla  and  these  lower  Quadmmana  are  included  in  a  common  zoolo- 
gical order,  unite  Man  with  them  as  another  member  of  that  order  ? 

He  believed  not.  It  had  been  already  urged  as  an  argument  in 
favour  of  the  unity  and  generally  accepted  limits  of  the  order 
Quadmmana,  that  while  the  Grotilla  graduates  by  intervening  forms 
into  the  lower  monkeys,  there  are  no  connecting  forms  yet  dis- 
covered between  Man  and  the  Gorilla.  He  considered  this  argu- 
ment, so  far  as  it  goes,  a  valid  one,  but  another  might  be  derived 
From  a  comparison  of  the  Lemurs,  or  lowest  Quadrumana  with 
other  Mammalian  orders.  Such  &  comparison  will  show  that  man 
is  more  widely  removed  from  the  higher  apes  than  the  Insectivora 
are  from  the  Lemurs,  end  as  long  as  the  Lemurs  are  retained  among 
the  Quadrumana  there  viH  be  less  tenable  grounds  ioi  admitting 
man  into  the  same  zoological  order  with  the  apes  than  there  would  be 
for  admitting  into  this  order  the  iiisectivorous  moles  and  hedgehogs. 

The  relations  here  insisted  on  are  rendered  apparent  by  the 
following  diagram,  in  which  the  Lemurs  and  the  Gorilla  are  taken 
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u  the  two  extremes  of  the  QuodnimaDous  aeiies,  and  the  close  rela- 
tion of  the  iDBectivoTa  to  the  Beries  through  the  Lemurs  indicated  by 
convergiiig  arrows,  while  the  less  Intiiaate  relation  of  Man  to  the 
same  serieii  through  the  Gorilla  is  indicated  b;  diTeiging  arrows. 

iNsacTivoBA  »  ■<  ■€  Lemurs,  Monkej>s,  G-orilla  -^-c*-*  Mam. 

From  these  facts,  the  author  found  himself  compelled  to  retain 
the  zoological  group  Bhuna  as  a  legitimately  conBtituted  order 
distinct  from  that  of  the  Qdadbuuada. 

Bat  after  all,  it  is  not  in  any  recognisable  physical  conformation, 
but  in  psychological  phenomena,  that  the  grand  differences  are  to  be 
sought  for  between  man  and  even  the  most  intelligent  of  the  brutes ; 
and  the  author  argued,  that  though  there  be  some  intellectual 
endowments  which  are  undoubtedly  common  to  man  and  the  higher 
brutes,  there  are  otbera  which  are  exclusively  man's,  which  differ 
&om  those  of  the  brutes  not  only  in  degree  but  in  kind,  and  of 
which,  after  the  most  careful  analysis,  not  even  a  rudiment  can  be 
detected  in  the  intellectual  phenomena  of  any  animal  below  man. 

It  was  maintained  that  a  resemblance  between  certain  acts  per- 
formed by  hmtes,  and  others  met  with  in  man,  may  occasion  an 
erroneous  interpretation  of  the  former,  while  a  rigid  comparisou 
would  show  that  the  resemblance  was  only  snperfioial  and  decep- 
tive. Such,  for  instance,  as  the  apparent  faculty  of  conceiving  the 
relation  between  cause  and  effect,  the  acts  which  so  frequently  seem 
to  indicate  a  conception  of  causation  in  the  lower  animals  being  the 
result  either  of  instinctive  impulse  or  of  suggestive  association. 

Among  the  faculties  which  the  author  thus  regarded  as  eminently 
distinguishing  man,  there  was  one  which  did  not  appear  to  have 
hitherto  obtained  the  attention  it  deserves.  He  alluded  to  what  may 
be  termed  imitaiivt  delineation  and  imitative  comlructivenat,  or 
the  faculty  of  imitatively  expressing  the  forms  of  objects  by  draw- 
ing and  construction.  While  a  faculty  of  imitating  gestures  and 
sounds  is  possessed  by  many  bnitesi  and  while  intlintUive  cod- 
.  stmctivenesB  is  almost  universally  found  throaghont  the  animal 
kingdom,  the  faculty  of  imitative  delineation  and  imitative  con- 
etmctivenesB  is  eminently  a  human  one ;  we  find  it  in  the  lowest 
and  most  undeveloped  savage,  and  almost  the  very  earliest  evi- 
dence we  possess  of  human  intelligence — the  intelligence  of  a 
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period  when  man  was  as  yet  the  contemporary  of  the  mammoth, 
and  when  the  reindeer  exteoded  its  range  into  Southern  Europe^ 
is  to  be  found  in  portraits  of  that  mammoth  and  of  that  reiodeer 
scratched  upon  fragmenU  of  their  tusks  and  horns.  And  yet  there 
is  no  physical  obstacle  to  ttie  exercise  of  this  power  by  animals ; 
the  beak  and  the  claw  -are  implements  as  effective  as  the  rude 
.fiint  point  of  the  savt^,  and  there  is  nothing  in  the  physical 
conformation  of  the  Gorilla  to  prevent  that  flint  point  &om  becom- 
ing in  his  hand  an  implement  of  design. 

The  following  Gentleman  was  elected  a  Follow  of  tlie 
Society : — 

Rer.  H.  Caldkbwood,  LL.D.,  Profeisoi  of  Moral  Philoaoiib;  in  th? 
Cnivenitj  of  Edinbu^h. 


Monday,  Ibth  March  1869. 

DAVID  MILNE-HOME,  Esq.,  Vice-President,  in 
the  Chair. 

The  following  CommunicationB  were  read ; — 

1.  Motion  of  a  Palladium  Plate  during  the  formation  of 

Grraham's  Hydrogenium.    Sy  James  Dewar,  Esq. 

(Rsceiyed  let  Harcb  1869.) 

Graham,  in  continuing  his  exhaustive  researches  on  diffusioo, 
has  recently  examined  the  relation  of  gases  to  varions  colloid  septa. 
The  remarkable  discovery  of  Devitle  and  Troost  of  the  permeahUlty 
of  platinum  and  iron  by  hydrogen  at  a  red  heat,  be  has  expanded 
into  a  general  examination  of  the  relative  ratea-of  pass^ie,  at 
high  temperature,  of  the  various  gases  through  different  metallic 
septa.  Farther,  he  has  proved  that  different  metals  have  a 
specific  occludiDg  power  over  certain  gaseous  elements,  retaining 
them  in  combination  at  low  temperatures,  although  the  absorption 
took  place  at  a  red  heat.  Of  the  many  astonishing  discoveries 
made  during  the  course  of  these  investigations,  probably  the  most 
remarkable  is  the  occlusion  of  hydrogen  by  palladium.  This  metal, 
whether  in  the  form  of  ^iponge  or  hammered  foil,  when  heated  and 
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cooled  in  aa  atmospbere  of  hydrogen,  absorbed  between  aiz  and 
Eeveu  hundred  times  its  volame — increasing  to  the  euormouB 
occlneion  of  982  volnmee,  when  the  metal  need  had  been  deposited 
by  voltaic  action.  This  occlusion  of  hydrogen,  Q-raham  has  shown, 
can  be  easily  effected  at  low  temperatures  by  making  palladium  the 
negative  electrode  during  the  electrolysis  of  water.  He  has  also 
shown  that  the  metal,  charged  with  hydrogen,  has  increased  greatly 
in  volume,  and  that  its  physical  properties  are  entirely  modified. 
So  marked  is  the  change  in  the  physical,  eleotiical,  and  magnetic 
properties  of  the  combination,  that  the  only  class  of  compounds  we 
can  compare  it  with  are  the  metallic  alloys.  In  the  occluded  state 
the  chemical  intensity  of  hydrogen  is  increased,  many  reactions 
being  efiected  by  its  agency  beyond  the  power  of  the  element  in 
the  free  state.  Graham,  as  a  general  result  of  his  experiments, 
considers  the  occlnded  gas  to  exist  in  the  form  of  a  solid,  with 
ail  the  physical  properties  of  a  metal.  During  the  course  of  an 
experimental  exhibition  of  Graham's  discovery,  I  noted  several 
phenomena  associated  with  the  occlusion  of  hydrogen  by  palladium, 
when  it  is  made  the  negative  electrode  during  the  etectrolysis  of 
water;  and  as  they  illustrate,  in  a  new  form,  the  results  already 
arrived  at  by  the  Master  of  the  Uint,  with  his  permission  I  am  in- 
duced to  bring  them  before  the  Society. 

If  a  palladium  plate,  used  as  the  negative  electrode  daring  the 
decomposition  of  water,  be  arranged  at  right  angles,  instead  of 
parallel  to  a  similar  platinum  plate,  the  hydrogen  in  a  short  time 
is  evolved  at  the  edge  of  the  palladium  plate  nearest  to  the  platinum 
electrode— DO  trace  of  hydrogen  coming  from  any  other  part  of  the 
plate.  Gradually,  es  the  saturation  takes  place,  the  hydrogen 
seems  to  travel  slowly  along  the  plate,  and  only  after  saturation  is 
it  freely  evolved  from  the  whole  surface  of  the  electrode,  if  we 
now  reverse  the  current,  so  as  to  evolve  oxygen  at  the  palladium 
plate,  immediately  the  nearest  edge  begins  to  evolve  gas,  the  rest 
of  the  plate  remaining  tranquil,  the  evolution  of  oxygen  moves 
along  the  plate  in  a  gradual  manner.  This  gradual  transference 
dqiends  on  the  time  necessary  to  effect  the  occlusion,  and  on  the 
relative  intensity  of  the  lines  of  force. 

When  a  palladium  plate,  charged  with  hydrogen,  is  brought  in 
contact  with  a  platinum  electrode  freely  evolving  oxygen,   the 
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evoliitiou  of  gas  ie  immediately  arrested  over  the  eutire  Buifoce  of 
tbe  electrode.  The  same  plate,  free  from  hydrogen,  wfaeo  brought 
in  contact  with  a  platinum  electrode  eTolving  hydrogen,  ehifted  the 
evolutioD  of  gaa  only  on  the  same  side  on  which  it  was  firmly 
preesed.  In  order  to  examine  the  action  of  mixed  electrodes,  the 
palladium  plate  was  welded  with  a  similar  platinum  plate  into  a 

V  shaped  electrode,  when  tbe  apex  of  tbe  combination  oould  be 
placed  in  or  out  of  tbe  liquid.  If  the  platino-palladinm  electrode 
is  made  the  negatiTe  pole,  hydrogen  makes  its  appearance  imme- 
diately on  tbe  platinum  plate ;  no  gas  is  evolved  by  the  palladium 
for  some  time.  If,  after  saturation,  by  reversing  the  poles,  oxygen 
is  thrown  on  the  mixed  electrode,  no  gas  is  evolved  from  the 
platinum,  and  when-  tbe  gas  began  to  be  evolved,  it  appeared 
simultaneously  on  both  plates.  The  same  result  is  observed  what- 
ever may  be  the  position  of  the  compound  plate  relatively  to  the 
other  pole  in  the  liquid,  relative  distance  from  the  other  pole  having 
no  effect.  This  proves  that  tbe  whole  of  the  oxygen  that  ought  to 
he  evolved  on  the  platinum  is  transfened  by  a  polar  chaiu,  through 
the  liquid,  on  to  tbe  palladium  plate,  so  long  as  this  plate  contains 
occluded  hydrogen.  The  presence  of  the  strong  electric  current 
is  shown  by  connecting  the  hydrogenised  palladium  with  a  platinum 
plate  in  an  acid  liquid,  tbe  circuit  containing  a  galvanometer.  If 
tbe  apex  of  tbe  V  electrode  is  placed  is.  tbe  acid  liquid  additional 
phenomena  are  witneased,  depending  upon  which  side  of  tbe  com- 
pound electrode  is  next  to  tbe  other  electrode.  If  the  platinum 
side  of  tbe  V  electrode  is  firmly  clipped  in  a  stand,  a  glass  rod  keep- 
ing the  apex  in  the  same  position  in  the  liqnid,  and  if  the  pallodinm 
plate  is  next  to  tbe  positive  electrode,  we  observe  the  following 
change  during  the  couise  of  the  bydrogenation.    The  angle  of  the 

V  continually  diminishes  by  the  motion  of  tbe  palladium  towards 
tbe  perpendicnlai,  the  hydrogen  evolved  coming  only  from  the 
outer  surface  to  the  compound  plate.  After  some  time  the  plate 
returns  to  its  original  position,  and  would  curve  beyond  it  if  the 
action  was  continued.  If  oxygen  is  now  evolved  on  the  compound 
plates,  the  first  effect  of  the  oxygen  is  to  curve  it  beyond  its  first 
position,  or  to  increase  the  angle  of  the  V.  If  tbe  palladium  plate 
was  furthest  from  the  positive  electrode,  the  first  effect  of  the 
bydrogenation  is  to  increase  the  angle  of  the  compound  plate  by 
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the  palladium  movitig  outwards ;  after  Bome  time  it  retuniB. 
Similar  obaervatioDS,  as  with  the  palladium  clipped  in  stand,  but 
made  with  the  junction  out  of  the  liquid,  showed  a  decided  move- 
ment depending  on  the  relative  position  of  the  plates.  Seeing 
the  palladium  moved,  although  £rml;  clipped  in  a  socket  out  of 
the  liquid,  it  was  evident  the  motion  could  be  examined  without 
the  use  of  compound  plates. 

After  devising  several  arrangemeuts  in  order  to  examine  with 
ease  the  motion  of  the  plate,  the  following  plan  was  found  to  be 
the  beat  in  practice : — 


The  electrodes  of  palladium  and  platinum  were  firmly  clamped 
in  the  little  vice  lepresented  by  D,  and  arranged  as  shown  in  the 
figure,  where  A  represents  the  palladium  and  B  the  platinum.  To 
the  lower  edge  of  the  palladium  plate  a  narrow  strip  of  the  same 
metal  is  fused  by  the  oxyhydrogen  blow-pipe ;  the  strip  is  of  mch 
a  length  as  to  project  above  the  level  of  the  acid  liquid  when  the 
plate  IB  immersed.  To  the  end  of  the  strip  of  palladium  a  thread 
of  glass  is  fused  so  as  to  have  a  radius  in  all  of  40  or  60  centi- 
metres ;  the  arc  of  a  divided  circle  of  the  same  radius,  on  a  piece 
of  cardboard,  is  supported  by  a  stand  at  the  extremity  of  the  index. 
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By  this  apparatus  tlie  small  deflection  of  the  palladium  plate  is 
greatly  magniSed,  and  the  direction  of  motion  well  defined.  Snp- 
poee  the  palladium  plate,  A  in  the  figure,  is  connected  vitb  the 
negative  pole  of  the  battery,  the  glass  index,  after  a  short  time, 
begins  to  move  from  left  to  right  on  the  plane  of  the  diagram,  lo 
the  extent  of  8  or  10  centimetres  on  the  scale.  As  the  saturation 
goes  on,  the  index  begins  to  move  backwards  from  its  first  position, 
going  towards  the  left  even  to  a  greater  extent  than  its  firet  de- 
flection towards  the  right.  Continuing  the  action,  it  again  returns 
to  Dear  its  original  position.  The  power  of  being  able  to  return  to 
the  position  it  had  at  starting  seems  to  depend  on  the  position  of 
the  plate,  as  regards  the  distribution  of  teneile  strain,  produced  by 
rolling ;  at  least,  after  repeated  use  the  plate  lost  the  power  of  re- 
turning, after  having  passed  towards  the  left.  If  the  plate,  aft^r 
saturation,  is  connected  with  the  positive  pole  of  the  battery,  the 
first  effect  on  the  index  is  to  move  quickly  towards  the  left,  then 
to  return  to  where  it  was — tins  double  motion  taking  place  before 
any  gas  makes  its  appearance  on  the  palladium.  If  the  platinum 
electrode  B  is  placed  on  the  opposite  side  of  A,  and  the  saturation 
of  the  plate  repeated,  the  index  goes  through  the  same  series  of 
.  positions,  but  the  direction  of  motion  is  reversed.  The  direction  of 
motion  depends,  therefore,  on  the  relative  positions  of  the  electrodes, 
but  is  constant  for  the  same  position.  This  is  easily  shown  by 
allowing  the  index  to  commence  its  motion,  say  from  left  to  right ; 
then,  by  moving  the  positive  electrode  to  the  other  side  of  the 
palladium  plate,  the  motion  immediately  commences  in  the  oppo- 
site direction,  although  the  saturation  was  far  from  being  complete. 
The  motion  of  the  index,  when  oxygen  is  thrown  on  the  hydro- 
genised  plate,  depends  also  on  the  position  of  the  electrodes.  The 
index  has  also  a  motion  at  right  angles  to  the  plane  of  the  scale, 
the  resultant  motion  being  compounded  of  the  separate  flexniea  of 
the  plate.  Many  other  devices  could  be  used  to  show  the  motion, 
such  as  a  plate  bent  into  the  form  of  a  cylinder  with  a  narrow  channel 
lert  between  the  two  edges,  which  should  shut  and  open  alternately, 
according  as  the  positive  electrode  is  without  or  within  the 
cylinder. 

Graham  has  shown  that  the  formation  of  the  alloy  of  hydro- 
genium  and*  palladium  is  attended  with  an  enormous  increase  in 
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Ibe  Tolnme  of  the  metal.  He  found  that  a  wire  of  palladium  100 
millimetrBB  in  length  became  101-5  millimetres  when  satnratod  with 
hydrogen.  Now,  if  a  uniform  hydrogen  atmosphere  sniroundB  a 
Bymmetrical  piece  of  palladinm,  there  is  no  leason  why  it  should 
penetrate  with  a  gieatei  rapidity  one  asrface  rather  than  any 
other.  Bat  if  the  absorption  ie  not  unifonn  on  all  the  surfaces, 
from  want  of  uniformity  in  the  hydrogen  atmosphere,  the  surface 
absorbing  must  produce  a  flexure  of  the  plate  from  the  expansion 
of  the  metal.  If  a  tbio  plate  of  this  rigid  metal  can  be  so  arranged 
as  to  induce  absorption  on  one  side  rather  than  the  other,  then,  as 
a  neoessary  consequence,  the  plate  will  become  convex  on  the  side 
where  the  greatest  relative  absorption  is  taking  place ;  and  as  the 
saturation  approaches  uniformity,  the  cDnvexity  should  disappear, 
the  plate  regaining  its  original  form  if  the  elasticity  of  the  metal 
is  not  changed  during  the  action.  A  plate  of  palladium,  when 
it  functions  as  the  negative  pole  during  the  electrolysis  of  water, 
is  subjected  during  the  course  of  the  action  to  the  supposed 
non-uniformity  of  the  gaseous  atmosphere — if  the  surface  of  the 
plate  is  parallel  to  a  similar  platinum  electrode.  The  amount  of 
chemical  action  effected  by  the  unit  surface  of  the  electrode,  and 
its  distribution,  depends  upon  the  position  of  the  plate  relatively 
to  the  lines  of  force  emanating  from  the  poles.  Now,  of  the  two 
surfaces  of  the  palladium  plate,  tbe  surface  next  to  the  positive 
pole  has  the  greatest  concentration  of  the  lines  of  force,  and  there- 
fore the  greatest  evolution  of  hydrogen  takes  place  on  this  surface, 
so  that  the  quantity  of  alloy  formed  in  the  first  instance  is  in 
excess  of  tbe  amount  produced  on  the  other  side.  The  plate,  from 
the  great  expansion  on  the  outer  side,  becomes  convex,  until  tbe 
'  progression  of  the  action  from  the  other  side  is  able  to  compeusatt* 
this  flexure  by  a  corresponding  expansion,  thereby  bringing  the 
plate  to  its  original  form.  But  I  have  already  explained  how  this 
backward  motion  goes  beyond  the  original  position,  producing  a' 
flexure  in  the  opposite  direction,  only  in  some  cases  returning  to 
its  normal  shape.  This,  in  alt  probability,  arises  from  tbe  com- 
bined effect  of  expansion  and  compression.  C^rabam  baa  shown 
that  this  tenacity  of  the  alloy  is  considerably  diminished  as  com- 
pared with  that  of  the  palladium,  so  that  in  the  first  flexure  of  tlie 
plate  the  expansion  has  to  compress  the  rigid  palladium,  whereas, 
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when  it  begins  to  return,  tbe  compreBsion  ia  effected  on  the  less 
rigid  bydrogeniuiD  already  formed  on  tbe  other  side,  the  elasticity 
of  form  being  also  probably  relatively  small.  This  is  the  general 
explanatioQ  of  the  motion  of  the  plate,  but  it  must  be  remembered 
that  the  smaller  flezuies  produced  by  different  forms  and  positions 
of  the  electrodes  are  the  result  of  non*  homogeneity  oi  excessive 
strain.  This  is  one  position,  at  least,  of  the  palladium  relatively 
to  the  other  electrode,  where  the  plate  should  have  do  lateral 
motion — that  is,  vben  it  is  at  right  angles  to  tbe  surface  of  the 
positive  plate;  but  all  the  attempts  made  with  the  small  palladium 
plate  at  my  disposal  failed  to  prevent  lateral  motion,  probably  from 
want  of  uniformity  of  surface  producing  different  rates  of  penetra- 
tion. 

Effect  <M  the  Current  during  the  Formation  of  the  Sydrvgenium. 

In  order  to  determine  the  effect  on  the  current  during  the  oc- 
clusion of  the  hydrogen  and  its  reoxidation,  two  Bunsen's  cells 
were  connected,  through  a  tangent  galvanometer,  with  a  plate  of 
palladium  and  platinum  as  poles  in  a  cell  containing  acidulated 
water.  The  intensity  of  the  current  was  determined — 1st,  during 
tbe  decomposititin  of  the  water,  when  the  paUadium  pole  evolved 
oxygen ;  then  during  the  absoiption  of  hydrogen,  when  the  current 
wasreversed;  and  lastly,  when  the  oxidation  of  theoccluded  hydrogen 
was  taking  place. 

pALLADiuif.       Pallas  I  DM.    HynitoaiHiiTK. 
Poeitive  Fd1&    Negatire  Pole.    PositJTe  Pole. 

Tangenta,  .  0'484S  08989  0-8641 

The  diminution  in  the  intensity  of  the  current  during  tbe  forma- 
tion of  the  hydrogenium  arises  from  tbe  strong  current,  generated 
in  the  decomposing  cell  by  the  secondary  polarity  of  the  electrodes, 
Acting  in  the  opposite  direction,  whereas  the  oxidation  of  the 
hydrogenium  redncea  a  current  acting  in  tbe  same  direction  as  tbe 
battery.  Tbe  intensity  of  tbe  current  during  the  oxidation  of  the 
hydrogenium  is  nearly  doubled,  so  that  if  we  consider  the  resist- 
ance in  tbe  circuit  to  remain  constant,  tbe  additional  electro-motive 
force  added  by  tbe  oxidation  of  tbe  hydrogen  is  equivalent  to  two 
cells  of  Bunsen.    The  great  increase  in  the  intensity  of  the  cur- 


nigti/cdavGoOglc 


0/  Edinburgh,  Session  1868-69.  511 

rent  dnring  the  oxidation  of  the  hydrogen iam  may  be  showD  in  the 
foUoviDg  maDnei: — Use  two  palladium  platee  in  the  decomposing 
cell,  with  index  to  ahow  the  motion  of  the  plate  attached  to  each, 
as  in  the  figure  formerly  given,  and  iDolude  in  the  circuit  a  com- 
tnntatoT  and  a  fine  epiral  of  platinum  wire.  During  the  occlu- 
sion of  hydrogen  the  platinum  spiral  may  be  mode  of  Buah  a 
length  as  to  remain  dark,  the  motion  of  the  index  proving  the 
absorption  of  hydrogen.  If  the  direction  of  the  current  is  now 
reversed  the  spiral  of  platinum  becomes  red  hot,  the  index  moving 
rapidly  back  to  its  original  position,  while  the  index  of  the  other 
plate  begins  to  move.  The  oxidation  of  the  occluded  hydrogen  is 
the  limit  to  the  brightness  of  the  platinum  spiral,  so  that  a  reversal 
of  the  current  produces  a  renewed  brightness.  By  this  arrange- 
ment we  keep  both  indices  moving  along  the  scale,  and  the  plati- 
num spiral  alternately  bright  and  dark.  If  the  elect ro-motive  force 
is  really  equal  to  a  Bunsen'a  cell,  this  arrangement  must  produce  a 
current  far  more  intense  than  any  similar  gae-batteiy,  where  oxygen 
and  hydrogen  are  the  reacting  elements ;  but  as  the  resistance  in  the 
circuit  might  vary,  several  indirect  experiments  were  made.  When 
a  palladium  plate,  saturated  with  hydrogen,  was  associated  with  a 
platinum  plate  in  an  acid  solution  of  permanganic  acid,  and  con- 
nected through  a  voltameter,  the  arrangement  could  decompose 
water.  A  similar  result  was  obtained  when  a  platinum  plate  coated 
with  platinum-black  saturated  with  oxygen  was  employed;  but  the 
action  in  this  case  was  very  slow,  and  sometimes  did  not  succeed. 
A  platinum  plate  covered  with  peroxide  of  lead  was  opposed  to 
the  bydrogenium;  the  combination  decomposed  water  with  facility, 
(rrove  found  two  pairs  of  his  gas-battery  could  effect  a  slow  decom- 
position of  water,  and  a  single  pair  did  as  well  if  the  oxygen  was 
replaced  by  peroxide  of  lead.  (The  intensity  of  palladium  and 
peroxide  of  lead  combination  must  render  it  particularly  well 
adapted  to  form  secondary  piles  of  great  intensity,  by  substituting 
it  instead  of  a  lead  plate  in  the  arraagement  devised  by  U.  G. 
Plants).  The  transformation  of  gaseous  hydrogen  into  the  oc- 
cluded state  would  seem  to  have  little  effect  in  reducing  its  total 
chemical  ene^y,  so  that  the  occluded  hydrogen  must  retain  a 
relatively  large  proportion  of  the  total  gaseous  energy  in  a 
potential  form.  If  we  compare  the  occlusion  of  gases  to  work 
VOL.  VI.  Sx  ■ 

n,gi„-co3yGoOglc 


512  Proceedings  of  the  Royal  Sodeiy 

done  on  the  gas,  the  elaborate  researcbes  of  Joule  and  Thomson 
on  the  "  Thermal  ES'ecta  of  Fluids  in  Motion,"  would  lead  na  to 
belieTe  that  hydrogen  of  all  gases  would  in  this  new  condition  retain 
the  greatest  amonnt  of  its  original  store  of  energy.  Bat  before 
a  just  comparison  can  be  made  with  the  resalts  of  Joule  and 
Thomson,  careful  determinations  must  be  made  of  the  electro-motive 
force,  latent  heat,  &c.,  of  hydrogenium.  Professor  Tait  has  deter- 
mined by  a  new  process  the  electro -motive  force  of  platinum  and 
palladium  covered  with  oxygen  and  hydrogen,  and  the  result  will 
be  comnmoicated  to  the  Society  ia  a  short  time. 


2.  Some  Observations  on  Free,  An-atomic,  or  TraoBinissibla 
Power.     By  B.  S.  Wjld,  Eaq. 

This  is  an  abstract  of  the  first  of  two  papers  on  the  sabject,  pre* 
pared  for  the  Society. 

Physical  bodies  may  be  held,  in  accordance  with  chemical  science, 
to  consist  of  aggregations,  either  of  material  atoms,  or  of  atomic 
circles,  or  centres  of  force. 

There  are  certain  exhibitions  of  physical  power  observed  in  con- 
nection with  those  atomic  bodies,  the  laws  and  actions  of  which  are 
in  the  highest  degree  worthy  of  study.  Mr  Wyld  calls  power  exhi- 
bited in  this  way,  free  an-atomic  or  traomissible  power. 

Hr  Wyld  called  attention  to  seven  exhibitions  of  this  free  power, 

let,  The  attraction  of  gravity  ;  2d,  cohesive  power ;  3d,  the  power 
of  chemical  affinity;  4tb,  animal  power;  5th,  the  momentum  of 
moving  bodies  ;■  6th,  the  electric  force  set  liee  on  the  meohanicaj 
disintegration  of  quartz  and  many  other  crystals ;  7th,  the  force 
obtained  alike  through  the  decomposition,  the  dissolution,  and  the 
combustion  of  simple  and  compound  bodies. 

The  consideration  of  the  nature  and  source  of  animal  power 
If  r  Wytd  reserved  to  his  second  paper. 

In  the  present  paper  Mr  Wyld  directed  attention  to  the  fnomcnfum 
or  force  of  moving  bodies,  and  to  the  law  of  its  transmission  from 
one  body  to  another,  as  illustrated  in  the  case  of  one  rolling  ball 
hilting  another  and  imparting  its  force  to  it — and  in  the  case  of 
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those  atmoBpheric  and  ethereal  vibratioDB  which  affect  ns  with  the 
BecaationB  of  soand  and  light. 

When  I  roll  a  hall  along  the  gronnd  I  communicate  force  to  it ; 
this  force  carries  it  forward  till  it  enconnterB  a  body  at  rest,  to  which 
it  commuiiicates  thia  force,  aod  the  force  which  came  from  me,  ma; 
tbns  be  transmitted  or  baoded  over,  from  ball  to  ball,  through  a 
lengthened  geriea,  subject  only  to  such  decreaBe  as  may  arise  from 
friction  or  other  accidental  obstructions. 

Mr  Wyld  called  attention  to  the  circumstance— first,  that  tbe  balk 
BUCceBsively  received  Bomething  which  we  call  force  ;  Becoud,  that 
it  is  force  which  causes  their  movement,  and  not  their  movement 
which  gives  them  their  momentum  or  force.  Their  movemcDt, 
however,  seeing  it  is  the  result  of  tbe  force,  may  be  taken  aa  a  juet 
measure  of  the  force  applied. 

Another  inatance  of  the  transmtssion  of  force  we  have  when  we 
direct,  what  has  for  coDvenience  been  called  the  electric  or  galvanic 
fluid,  tbroagh  wire  conductors.  Tbe  transmiesion  of  this  manifes- 
tation of  force  may  be  explained  on  nearly  the  same  principle  aa 
tbe  transfer  of  tbe  moTnenitun  oi  moving  bodiea,  and  of  the  me- 
chanical vibratory  force  transmitted  from  molecule  to  molecule  of 
the  ethereal  medium,  which  vibratory  force  we  call  light,  and  which 
reaches  us  after  a  passage  of  more  tban  ninety-one  millions  of  miles. 

Ur  Wyld  couBidered  tbese  to  be  instances  of  tbe  action,  and 
transmisBion  of  what  may  be  called  free,  an-atomio,  or  transmissible 
power,  which  ia  not  to  be  viewed  as  a  subelance  or  fluid,  hut  either 
as  an  imponderable  immaterial  agent,  or  simply  as  the  action  of  an 
unseen  eauee. 

Neither  the  nature  of  its  origin,  nor  tbe  nature  of  its  transmission, 
nor  the  variety  of  its  actions  and  operations,  permit  ns  to  consider 
it  as  a  subetance.  When  we  disintegrate  cryatals,  when  we  separata 
the  parta  of  fluids  by  evaporation,  when  we  dissolve  metals,  or 
decompose  compound  bodiea,  organic  or  inorganic,  we  Beem  to 
obtain  that  force  which  held  their  parts  together,  in  tbe  form  of 
free  transmissible  power.  To  this  power  we  can  by  certain  arrange- 
ments give  a  definite  direction,  and  can  transmit  it  through  wire 
condnctors.  We  can  thus  make  it  available  for  the  production  of 
many  of  tbe  most  important  natural  phenomena,  for  instance — 

1.  The  production  of  intense  artificial  light. 
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2.  Tbe  piodnction  of  heat. 

3.  Tbe  decompoaitiou  of  compound  bodies. 

i.  The  voUtiliaiug  of  metals  and  other  bodies  b;  the  sheer 
violence  of  its  movements. 

5.  The  production  of  magnetic  attraction. 

6.  When  transmitted  through  the  animalframe  it  overpowers  our 
natural  voluntary  movements,  and  produces  spasmodic  mueoular 
contractions. 

To  these  difierent  phenomena,  for  purposes  of  convenience,  we 
give  different  names,  but  they  are  all  the  action  of  tbe  same  agent, 
viz.,  of  power  operating  under  different  circnm stances. 

We  very  much  simplify  and  clear  up  our  corjceptions  of  nature 
when  we  attend  to  these  two  facte — first,  that  every  change  obaerved 
in  the  physical  world,— whether  effected  by  natural  or  by  artificial 
means,  and  whether  connected  with  animal  or  vegetable  living 
organisms,  or  with  inorganic  matter,  may  be  described  as  a  move- 
ment either  of  physical  bodies  in  mass,  or  as  a  movement  of  their 
constituent  parts  or  atoms ;  and  second,  that  all  these  movements 
are  effected  by  free  an-atomic  power,  and  by  tbe  transmisBion  of 
it  from  one  body  to  another. 

Mr  Wyld  further  summed  up  bis  views  thus — 

1.  In  the  physical  world  we  have  a  manifestation  of  powei 
working  uniformly  according  to  physical  law,  i.e.,  it  is  measured  in 
amount,  and  it  is  fixed  in  its  modes  of  action. 

2.  Physical  power  we  ascertain  by  an  examination  of  physical 
phenomena  is  subject  neither  to  augmentation  nor  to  diminution. 
Were  it  cot  so  tbe  world  would  be  entirely  different  from  what  we 
observe  it  to  be. 

3.  Power  in  all  physical  operations  is  transferred  from  one  object 
to  another,  but  is  never  lost, 

4.  We  may  regard  physical  power  as  an  immaterial  agent,  or  we 
may  be  satisfied  to  consider  it  simply  as  a  mode  of  action  broughl 
about  by  a  catue  unknoum.  But  whether  we  view  it  as  an  agent  oi 
as  an  action,  and  in  whatever  way  we  may  account  for  its  existence, 
it  is  evident  that  as  it  conducts  every  change  in  the  physical  world, 
it  must  act  according  to  invariable  physical  law. 

5.  Physical  power  manifests  itself  in  two  distinct  forms— namely, 
in  tbe  form  of  atomic  bodies,  which  are  discoverable  by  tbe  senses, 
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and  which  consist  of  aggregations  of  atomic  circles  or  centres  of 
force;  and  in  the  form  of  free  an-atomic  or  transmisEible  power 
which  is  not  discoverable  directly  by  the  senses,  but  is  known  only 
by  its  effects  on  atomic  bodies.  The  question  whether  the  chemi- 
cal atom  is  a  material  atom,  or  is  purely  dynamical,  does  not  affect 
the  truth  of  the  writer's  statements. 

6.  The  mind  seems  conscious  of  possessing  power,  and  of  being 
able  to  exercise  it  for  the  production  of  physical  movements.  It 
has  evidence  of  this  when  it  exerts  itself  in  the  production  of  those 
muscular  effori;s  which  are  subject  to  the  control  of  the  will.  The 
mind  is  thus  the  agent  in  the  production  of  voluntary  movement 
through  the  free  transmissible  power  which  it  eends  to  the  muscle, 
aa  will  be  explained  in  the  subsequent  paper  ou  this  subject. 

7.  Free  power  effects  the  various  important  physical  phenomena 
alluded  to,  e.g.,  the  production  of  motion— and  the  continuance  of 
it  as  momentum,  on  which  depends,  not  only  tbe  movements  of 
the  earth  and  planetary  system,  but  tbe  transmission  of  light  and 
sound  as  above  explained. 

Mr  Wyld  explained  that  by  the  words  physical  law  he  meant  to 
express  simply  the  invariable  modes  of  action  observed  in  physical 
phenomena.  The  existence  of  action,  however,  always  infers  the 
existence  of  an  agent  or  actor.  This  b  not  tbe  most  suitable  place 
to  inquire  regarding  tbe  origin  or  cause  of  power,  but  it  will  be 
admitted  that  we  discover  nothing  in  atomic  bodies  to  account  for 
its  existence.  These  seem  rather  to  be  tbe  subjects  of  power  than 
the  cause  of  it,  for  all  their  movements  and  changes  seem  regulated 
and  caused  by  it.  They  are  therefore  quite  insufBcient  to  account 
for  it,  or  to  explain  it. 

This  inability  to  discover  a  visible  cause  fox  the  laws  of  nature 
compels  us  to  believe  in  an  invisible  cause,  adequate  to  account  for 
them.  When,  therefore,  we  discover  power  acting  in  the  produc- 
tion of  order,  beauty,  and  enjoyment — and  when  we  recognise  our- 
selves as  moral  and  intelligent  beings  brought  into  close  connection 
with  this  physical  system,  we  are  drawn  all  but  irresistibly  to  the 
conclusion  that  physical  power  is  tbe  sustained  action  of  a  mighty 
Being,  possessed  of  the  self- consciousness  and  intelligence  with 
which  we  find  ourselves  to  be  endowed. 
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3.  On  the  Practical  Application  of  Reciprocal  Figures  to 
the  Calculation  of  StraioB  on  Framework.  By  Pro- 
fessor Fleeming  Jenkiu. 


4.  On  a  New  Synthesis  of  Ammonia.   By  A.  B.  CattoD,  Esq., 

late  Fellow,  and  F.  T.  Main,  Esq.,  Fellow  of  St  John's 

College,  Cambridge. 

It  haviDg  been  shown  by  one  of  us  that  formic  acid  b  produced 
by  the  onion  of  carbonic  acid  and  naBcent  hydrogen,  it  occurred  to 
the  authors  to  tiy  vbether  other  gases  might  not  be  made  to 
unite  directly  with  uasceut  faydrogeu.  Such  expenmenta  gave  th6 
prospect  of  being  of  especial  intereBt  iu  the  case  of  nitrogen,  as  it 
was  possible  the  synthesis  at  ammonia  might  thus  be  effected  by 
the  direct  union  of  nitrogen  and  hydrogen. 

With  this  view  pure  nitrogen  and  aqneons  vapour  were  passed 
over  sodium.  The  nitrogen  was  prepared  tn  the  usual  manner,  by 
paBsing  atmoBpberic  air  over  heated  copper,  and  was  freed  from 
ammonia  by  passing  it  through  Biilphuric  acid.  Not  a  trace  of 
ammonia,  however,  was  obtained  in  this  way.  When,  however, 
nitrogen  and  aqueous  vapour  were  passed  over  heated  magnesium 
ribbon,  a  very  appreciable  quantity  of  ammonia  was  produced,  and 
the  quantity  appeared,  within  certain  limits,  to  be  greater  the 
higher  the  temperature  to  which  the  magnesium  was  heated.  The 
ammonia  was  recognised  in  the  usual  way — by  the  smell,  by  its 
browningcoDsiderable  quantities  of  turmeric  paper,  and  by  the  for- 
mation of  the  double  chloride  of  platinum  and  ammonium.  The 
theory  of  this  reaction  evidently  ia,  that  the  magnesium  decomposes 
the  aqueous  vapour,  and  that  the  hydrogen  thus  produced,  when  in 
the  nascent  state,  combines  with  some  of  the  nitrogen,  and  forms 
ammonia.  Only  a  small  part  of  the  nitrogen,  however,  is  in  this 
way  converted  into  ammonia.  One  cause  of  this  evidently  ia  that 
the  magnesia  produced  during  the  reaction  forme  a  coating  on  the 
surface  of  the  magnesium  ribbon,  and  so  protects  it  from  further 
action.  For  this  reason  it  has  occurred  to  the  authors  that  larger 
quantities  of  ammonia  may  he  obtained  by  using  powdered  mag- 
nesium, either  by  itself  or  mixed  with  fine  sand,  as  in  Laikin's 
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magneBium  lamp.  The  anthora,  however,  have  no  hope  of  modifj- 
ing  the  process  in  such  a  manner  as  to  convert  any  considerable  pro- 
portion of  the  nitrogen  of  the  atmosphere  into  ammonia,  a  problem 
of  the  highest  practical  importance.  Nevertheless,  tbe  formation 
of  ammonia  in  this  way  is  of  considerable  theoretical  interest,  espe- 
cially when  viewed  in  connection  with  tbe  source  of  tbe  ammonia 
in  nature,  a  question  to  which  no  satisfactory  solution  has  yet 
been  given. 

We  purpose,  when  circumstances  permit,  to  conlinae  our  eipe- 
riments  on  the  sabjects  indicated  in  this  paper. 

The  following  Gentlemen  were  elected  Fellows  of  the 
Society : — 

Principal  Sir  Alexander  Qbamt,  Bart. 
Captain  T.  P.  White,  Hojtl  EDgineeis. 

The  following  alteration  proposed  by  the  Council  on  the 
Law  relative  to  the  Election  of  Honorary  Fellows  was 
adopted  by  the  Society: — 

Law'XII.,  lines  6  and  7,  in  place  of  tbe  words,  "  and  printed  in 
the  Circular  for  the  meeting  at  which  the  ballot  is  to  take  place," 
read,  "  and  printed  in  the  Circulars  for  two  ordinary  meetings  of 
the  Society,  previons  to  the  day  of  election." 


Monday,  Uh  April  1869. 
Dr  CHRISTISON,  President,  in  the  Chair. 
The  following  CommnnicatioiiB  were  read : — 

1.  On  the  Present  State  of  the  Son's  Distance  Question — 
continued.  By  W.  Petrie,  Esq.  Communicated  by  Pro- 
fessor C.  Piazzi  Smyth. 

This  paper  is  a  compilation  and  discussion  of  all  the  best  deter- 
minations of  tbe  sun'a  mean  distance  and  parallax  within  tbe  last 
few  years,  and  up  to  the  present  time.  The  comparative  weights 
to  be  given  to  the  different  observations  or  leeults  are  entered  into 
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at  length,  od  principles  which  are  stated,  and  a  final  mean  of  the 
whole  ia  arrived  at,  giving  for  the  solar  parallax  8 '877.  Tbia  U 
then  oompared  with  the  result  of  the  so-called  Oreat  Pyramid  Sun 
Distance,  which,  combined  with  the  best  modem  determination  of 
the  size  and  shape  of  the  earth,  gives  a  par&Uax  of  S'STC. 

The  direct  resslts  of  modern  science  for  the  solar  porallas  vary 
anywhere  between  S'SO  and  8-'96;  and  to  assiBt  in  apprehending 
the  piesent  state  of  a  very  contested  question  as  to  one  of  the  most 
important  of  all  physical  facts,  Mr  Petrie  added  to  his  paper  two 
very  instinctive  diagrams,  in  one  of  nbioh  the  chief  data  were 
arranged  chronologically,  and  in  the  other  quantitatively. 


2.  On  Chemical  Structure.  By  Dr  A.  Cram  Brown. 
In  this  paper  the  author  drew  attention  to  the  nature  of  the 
process  of  Chemical  Ettchange  (including  substitution,  double  de- 
composition, and  some  oaees  of  direct  addition  and  subtraction),  as 
a  process  by  which  the  number  of  relations  in 'which  any  given 
atom  stands  is  unaffected.  He  pointed  out  the  connection  between 
this  process  and  the  notion  of  chemical  structure,  and  discussed  the 
nature  of  those  chemical  processes  in  which  the  number  of  relations 
of  an  atom  is  increased  or  diminiBhed.  He  concluded  by  some 
remarks  on  the  ambiguous  structure  of  such  bodies  as  aldehyde,  the 
sulphites,  and  hydrocyanic  acid,  which  from  some  points  of  view 
may  be  represented  as — 
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3.  Observations  on  the  Temperatare  of  Newly-bom  Child- 
ren. By  T.  J.  Maclean,  M.D.,  Dundee.  Communicated 
by  J.  Matthews  Duncan,  M.D. 

That  the  temperature  of  the  child  is  not  the  Game  as  that  of  the 
adult  has  long  been  a  generally  acknowledged  fact,  but  wberein 
and  to  what  extent  it  differs  is  a  point  on  which  definite  informa- 
tion ia  wanting.  With  the  object  of  determining  tbie  point,  the 
author  took  advantage  of  the  opportunities  afforded  by  a  residence 
in  the  Edinburgh  Hateinity  Hospital,  to  note  the  temperature  of  a 
number  of  children  at  the  time  of  birth,  and  at  frequently  repeated 
intervals  during  the  first  few  days  of  extra-uterine  life.  The 
result  of  these  observations  was  to  show  that  the  child  at  birth 
partook  of  the  temperature  of  the  mother — that  as  soon  as  it  com- 
menced its  separate  existence  the  heat  imparted  by  the  parent  was 
no  longer  maintained,  but  was  rapidly  loat,  till,  in  a  few  hours  (the 
exact  period  varying  in  difTerent  cases),  the  thermometer  indicated 
a  temperature  one,  two,  three,  or  even  six  degrees  below  the  normal 
standard  of  the  adult.  A  rise  then  took  place,  and  generally  within 
twenty-four  hours  after  birth  the  range  might  be  regarded  as 
normal.  This  normal  range  of  the  child,  however,  was  about  one 
degree  lower  than  the  adult  range  of  healtli.  Tlie  rapid  fall  which 
was  shown  to  take  place  immediately. after  birth,  was  believed  to  he 
due  to  the  refrigerating  influence  of  the  external  air  on  the  blood 
in  the  lungs,  the  nervous  influence  which  is  requisite  to  give  to 
the  respiratory  act  its  heat -producing  effect,  not  being  in  full  force 
at  the  time  of  birth.  The  lower  range  which  existed  during  the 
first  few  days,  after  the  primary  temporary  depression  had  been 
recovered  from,  was  believed  to  be  caused,  in  part  at  least,  by  the 
defective  purification  of  the  blood,  consequent  on  the  patent  condi- 
tion of  the  foramen  ovale  and  ductus  arteriosus. 

In  delicate  and  premature  children  all  the  peculiarities  indicated 
were  observed  in  an  exaggerated  degree. 

4.  On  the  Orowtii,  Development,  and  Situation  of  the  Human 

Foetal  Heart.    By  Professor  Macdonald. 

The  earliest  condition   of  the  embryonic  vascular  system,   as 

described  by  Wagner  and  other  emhryologists,  consists  of  a  veno- 
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TucaUr  chain  of  Binoses  along  the  ventral  miface  of  the  lenKiB  or 
animal  lamina  of  the  embiTonic  germ  disc,  which,  being  gnddenly 
aireated  by  a  large  projection  of  the  germ  veBicle  at  the  anterior 
part  heyond  the  vaacnUr  and  mncoos  lamina,  caaeeB  a  etagnation  in 
the  form  of  a  conical  uc,  wboee  apex  pointa  forward  below  tbe 
bead  of  tbe  embryo  at  that  time  conaiettng  of  the  meaocrane  and 
procrans,  with  the  visceral  segments  of  the  face-kist,  and  exhibiting 
three  facial  clefts. 

1.  The  ophthalmic,  nnder  the  procrane,  forming  the  roof  of  the 
orbit,  and  completes  its  floor  resting  on  the  antnim  bigbmoiiannm. 

2.  The  olfactory  cleft,  the  nasal  passage  beneath  the  antnim,  the 
ethaoid  and  turbinated  bones,  its  floor  being  the  hard  palate. 

3.  The  oral  cleft,  below  tbe  palate,  forming  the  roof  of  the  month, 
while  the  hyoid  and  tongne  form  the  floor,  and  the  maxilla  and 
muscles  of  tbe  cheek  complete  the  cavity  of  tbe  mouth. 

L  As  soon  as  the  conical  sac  of  the  venous  sinuses  and  azygeal 
veins  from  tbe  chorda  ceatrali8(the  future  spinal  column)  extend 
to  the  upper  angle  of  the  first  formed  embryonic  heart,  where  two 
tnbea  or  inferent  veins  enter  from  the  lower  angle  of  its  base,  a  single 
efferent  tube — the  ductus  venoeas — leading  backwards,  and  sending 
forwards  from  the  umbilicuB  a  vein  on  each  side  (in  birds  towards 
the  circular  sinus,  from  which  a  fringe  of  minute  capillaries  extend 
below  the  chorion).  In  the  capillary  area,  whete  the  veins  and 
arteriee  communicate,  tbe  venous  blood  becomes  oxidised,  and  re- 
turns by  the  arterial  area  to  the  embryo;  tbe  minute  arterial  rootlets 
becoming  laiger  and  larger,  till  the  blastine  artery  from  each  aide 
enter  the  lower  part  of  the  embryo  above  the  highly  upturned  cocc^, 
the  lower  orifice  of  the  future  umbilicus,  when  the  abdomen  is  closed. 
From  this  point  these  arteries  (tbe  future  umbilical  of  the  foetaa) 
desrend  to  the  iliacs,  which  unite  opposite  the  promontory  of  the 
sacrum,  and  carry  the  arterial  blood  upward  along  *tbe  chorda  cen- 
tralis, as  high  as  tbe  fovea  cardiaca,  or  pharyngeal  hollow,  from 
whence  tbe  double  aortie  each  divide  into  two  terminal  branches, 
which  unite  behind  the  base  of  tbe  heart  to  form  the  arterial  aortic 
bulb,  quite  unconnected  with  the  cavity  of  the  heart,  the  top  of  the 
bulb  Been  rising  higher  than  the  heart,  bas  misled  emhryologista  to 
fancy  it  was  a  part  of  a  twisted  tube,  which  has  sometimes  been 
described  as  the  first  form  of  the  embryonic  heart.    Fuider,  Frevoat, 
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and  Damu,  as  well  ae  Wagner  and  Allen  Thomson,  describe  the 
first  heftrt  as  a  conical  aac,  having  its  apex  anterior  beneath  the  head 
of  the  embrjo,  with  two  inferen  t  veine  entering  from  above,  and  onlj 
one  effeiect  tabe,  the  ductus  TenoanB.  Wagner  mentions  a  certain 
amonnt  of  motion  among  the  hlood-diwe,  previous  to  the  contraction 
of  the  conical  heart,  having  only  a  single  cavity.  It  ia  at  first 
tranaparent  and  membranone,  but  oontractile,  and  filled  with  a 
yellowiah  or  pale  orange  fluid,  the  plasma  or  tiqnor  sanguinis.  Ae 
soon  as  the  pnnctum  saliens  in  the  base  of  the  heart  starts  its 
contraction,  its  fluid  u  forced  down  the  ductua  Tenosus  to  the 
osidifling  area  of  the  chorion,  where  it  is  fully  arterialised,  and 
follows  the  course,  already  shortly  described,  to  the  aorta,  ita  ter- 
minal branches,  forming  the  aortic  bulb,  terminate  io  the  carotid  and 
subclavian  arteries  to  the  bead,  npper  trunk,  and  extremities.  From 
thence  the  blood,  reduced  to  a  venous  condition,  ia  returned  by  the 
jugular  and  subclavian  veins  forming  the  superior  venn  cavte, 
which  flow  into  the  single  cavity  of  the  primary  heart.  The  thin 
condition  of  its  transparent  walls  might  lead  us  to  view  it  as 
analogous  to  the  lympb  heart  of  the  frog  and  tail  of  the  eel,  bo 
well  described  by  Mr  Wharton  Jonea,  F.B.S.,  in  a  commnnica- 
tion  published  in  the  last  volume  of  the  Philosophical  Trans- 
acliona,  forcing  on  a  column  of  dark  Tenous  blood  disca. 

II.  Soon  after  the  blood  has  circulated  once  or  twice,  there  is 
a  ventricle  added  to  the  baae  of  the  auriole,  which  is  then  perforated 
by  the  aariculo-ventricnlar  orifice.  Still  there  ia  only  the  same 
outlet  for  the  Tenons  blood  from  the  heart,  which  is,  during  foetal 
non-breathing  existence,  entirely  connected  alone  with  the  venous 
circulation. 

III.  The  next  change  in  the  structure  of  the  heart  is  the  dividing 
the  ventricle  by  a  musonlar  septum,  which,  till  it  is  complete, 
allows  the  venous  blood  to  enter  freely  into  both  ventricles  (a 
system  which  continues  in  some  reptiles),  from  which  it  is  instantly 
returned  to  the  auriole  by  their  systole,  and  forced  down  the 
ductus  venosus  to  be  oxidised  &nd  returned  as  arterial  by  the  nmbi- 
lical  arteries  into  the  iliacs,  and  upwardn  by  the  aortee,  as  already 
described. 

IV.  ARer  the  completion  of  the  ventricular  septum  there  com- 
mences a  septum  in  the  auricle,  never  completed  for  at  least  a  yesr 
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aftei  birtb,  leaving  the  foramen  ovale  sood  partially  covered  by  a 
valve.  Even  eubsequect  to  tbe  formation  of  tbe  qnadrilocnlar  heart 
of  the  fcetas,  stiti  the  ductus  veuoaus  is  the  only  outlet  of  venous 
blood  sent  to  be  oxidised  and  returned  by  tbe  arterjes  to  the  aortic 
bulb  for  circulation.  The  foramen  ovale  (rationally  explained)  per- 
mits the  free  pasBing  of  the  blood  to  and  from  tbe  ventricles,  and 
readily  explains  what  Dr  Cburchhill  could  not — "  That  the  pulee  de- 
tected by  the  etethescope,  when  applied  to  tbe  maternal  abdomen, 
indicated  twice  the  rapidity  detect«d  at  the  cord  in  cases  of  pro- 
lapsus 01  tumiug."  The  systole  of  the  auricles  preceding  that 
of  the  ventricles  may  be  detect«d  by  tbe  ear;  but  being  imme- 
diately followed  by  the  stronger  contraction  of  the  ventricles  tilting 
the  apex  against  the  sides  of  tbe  chest,  as  in  the  adult,  impresses 
the  finger  when  applied  to  the  cord  with  half  the  rapidity  of  the 
pulse  indicated  by  the  stethoscope. 

V.  Towards  the  close  of  pregnancy  a  much  greater  change  is 
being  inaugurated  preparatory  to  the  inflation  of  the  lung-cells. 
The  very  beautiful  demonstration  by  Dr  Tonga  by  a  well-con- 
ducted  series  of  experiments  on  tbe  aortic  bulb  of  tbe  chick,  is 
a  paper  commnnlcated  to  tbe  Boyal  Society  last  year  by  Pro- 
fessor Beale. 

Dr  Tonga  describes,  towards  the  close  of  incubation,  that  there 
may  be  traced,  extending  from  the  upper  left  angle  of  the  bulb, 
below  the  entrance  of  one  of  the  left  terminal  branches  of  the  aorta, 
tlie  commencement  of  a  fine  film  of  its  lining  membrane  descend- 
ing diagonally  to  the  lower  right  comer  (the  right  aorta  and  its  ter- 
minal brancbes  having  disappeared).  This  division  into  two  tnbes 
be  describes  as  being  closed  by  three  semilunar  valves,  preventing 
the  flow  of  tbe  arterial  blood  into  the  ventnoles. 

While  these  chauges  are  going  on  in  the  bulb,  the  right  ventricle 
pushes  B  horn  over  the  aurlculo- ventricular  septum  and  auricles, 
from  the  right  margin  of  the  heart  upwards  to  tbe  left  side  of  tbe 
bulb,  and  passing  behind  it  ramifies  into  right  and  left  pulmonary 
trunks.  The  left  ventricle,  in  like  manner,  puslies  its  horn  behind 
the  mitral  Talve,  under  the  right  auricle,  and,  rbingover  the  upper 
part  of  the  aortic  bulb,  carries  off  the  innominata,  carotid  and  sub- 
clavian arteries,  as  well  as  crushing  oS  the  last  upper  left  terminal 
branch  of  the  aorta  (leaving  a  small  portion,  which  quickly  becomes 
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merely  tendinovB,  Litherto  fancied  to  be  "  the  ductus  arteriosUB," 
which  haa  really  no  existence)  between  its  own  trunk  and  that  of 
the  right  pulmonary  artery,  formtng  the  arch  of  tlie  aorta,  it  con- 
tinues ite  course  by  the  left  embryonic  ascending  aorta  (as  Bonn 
aa  the  first  inflation  of  tbe  lung-cells  permits  the  flow  of  blood  from 
the  ventricles  by  tbeir  new  outlet).  The  now  arterialised  blood 
flows  down  the  tboracio  and  abdominal  aorta  to  be  distributed 
through  tbe  system. 

The  following  CreDtlemaD  waa  elected  a  Fellow  of  the 
Society : — 

J.  Wilson  Johnston,  M.D.,  Bengal. 


Monday,  I9th  April  1869. 
Frofebros  EELLAND,  Yica^Fresident,  in  the  Chair. 
The  following  CommuDicatioDs  were  read  : — 

1.  The  Mean  Pressure  of  the  Atmosphere,  and  the  Prevail- 
ing Winds  for  the  Months  and  for  the  Year.  Part  II. 
Bj  Alexander  Buchan,  Secretary  of  the  Meteorological 

Society. 

Id  Fart  I.,  read  16th  Harcb  1868,  in  which  was  discussed  the 
Mean  Presenre  of  the  Atmosphere  over  the  G-lobe  for  July, 
January,  and  the  year,  tbe  method  by  which  the  Iscbaric  Cbarta' 
were  constmcted  wits  detailed  at  length.  Since  March  1868,  valu- 
able additional  information  baa  been  obtained  from  Australia,  Xew 
Zealand,  Tasmania,  Africa,  South  America,  tbe  west  coast  of  North 
America,  Iceland,  and  from  a  few  isolated  stations  in  Europe  and 
Asia.  The  period  for  the  British  Islands  has  been  extended  so  as 
to  include  tbe  eleven  years  from  1857  to  1867. 

Part  II.  gives  tbe  complete  set  of  Cbarta  for  tbe  twelve  months 
and  for  the  year.  In  tbia  Fart  tbe  prevailing  winds  were  shown  from 
good  averages  collected  or  calculated  for  upwards  of  two  hundred 
places  over  tbe  globe.  The  general  result  is  that  the  surface  winds 
of  the  globe  flow  round  and  inwards  upon  regions  of  low  pressurs 
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oD  every  eiile  fMm  vhich  observatione  have  been  obtained,  aiid  that 
surface  winde  flow  out  of  spaces  of  high  preesure  in  every  direction. 
This  ovtftovi  of  the  winds  from  regions  of  high  presEore,  and  infiov 
upon  regions  of  low  pressure,  may  be  explained  by  the  principle  of 
gravitation.  Indeed,  bo  strongly  is  this  force  marked,  on  compar- 
ing isobaric  lines  with  prevailing  winds,  that  if  there  be  any  other 
force  or  forces  concerned  in  setting  the  winds  in  motion,  they 
raust  hold  a  very  subordinate  place.  The  influence  of  a  mountain 
range  in  diverting  aerial  currents  from  their  normal  courses  was 
illustrated  by  the  prevailing  winds  in  Norway;  and  an  explanation 
was  offered  of  the  anomalous  direction  of  the  winds  on  the  coast  of 
West  Greenland. 

The  relation  of  the  data,  graphically  delineated  on  the  charts, 
to  climate  was  pointed  out;  for  since  winds  bring  with  them  the 
temperature  of  the  parts  of  the  earth's  surface  they  have  traveraed, 
the  charts  may  be  regarded  as  furnishing  the  key  to  the  climates 
of  different  countries.  Their  relation  to  the  rainfall  of  the  different 
months  of  the  year  was  adverted  to.  Thus,  by  a  careful  study  of 
tbe  isobaric  lines,  and  the  prevailing  winds,  in  connection  with  the 
isothermal  lines,  the  climate  of  any  region  may  be  more  closely 
approximated  to  than  has  hitherto  been  possible. 

It  was  pointed  out  that  the  position  of  the  isobaric  lines  in  the 
different  months  appears  to  be  entirely  determined  by  the  sun  and 
tlie  geographical  distribution  of  land  and  water;  and  since  these 
lines,  in  their  turn,  determine  the  climates  of  the  globe,  there  is 
here  evidently  a  principle  applicable  not  only  to  the  present  state 
of  the  earth,  but  also  to  other  distributions  of  land  and  water  in 
past  times ;  in  other  words,  there  is  here  a  principle  of  the  utmc^t 
importance  to  the  geologist  in  attempting  to  account  for  glacial 
and  warm  periods  through  which  the  climates  of  G-reat  Britain  and 
other  countries  are  known  to  have  passed.  If  this  conclusion  be 
just,  we  are  now  in  a  position  to  give  an  approximate  numerical 
statement  of  Lyall'e  idea  of  the  effect  produced  on  climate  by  the 
displacements  of  continents. 
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2.  On  the  Rectangular  Current  Theory  of  Storms,  illustrated 
hj  two  Storms  which  passed  over  the  United  States,  from 
the  13th  to  X9th  March  1869.    By  Robert  Russell,  Esq. 
Tbe  antfaor'a  former  views  on  Ametican  storms  were  first  alluded 
to — i.e.,  that  the  phenomena  could  only  he  accounted  for  on  tbe 
supposition  that  there  were  two  diBtinct  currents.    Instead  of  these 
being  parallel,  they  were  more  nearly  at  right  angles  to  each  other. 
The  southerly  current  on  the  eastern  axis  of  storms  brought  up 
heat  and  moisture  from  the  Oulf  of  Mexico,  causing  the  baro- 
meters to  fall.    The  west  oi  north-west  wind,  on  the  other  hand, 
cleared  the  southerly  current  away,  causing  the  temperature  every- 
where to  fall  and  the  barometer  to  rise. 

The  storms  under  review  were  then  examined  by  M,  Le  Yenier'a 
mode  of  laying  down  isobarometric  lines  on  charts,  but  for  every 
tenth  of  an  inch  of  pressure  instead  of  two-tenths.  The  southerly 
current  was  shown  to  have  distinct  lines  of  contour  and  order  frum 
the  other — the  west  or  north-west  at  right  angles  to  it. 

The  minimum  line  of  the  barometer  where  the  currents  meet,  or 
where  the  west  flowed  iuto  the  southerly,  was  described  and  pointed 
out ;  the  barometers  obtaining  their  lowest  reading,  and  thermo- 
meters their  highest  on  that  line,  on  any  latitude,  from  the  Lahes 
to  the  Crulfof  Mexico.  As  formerly  defined,  in  the  Proceedings 
of  this  Society,  "  tbe  latitudinal  line  of  minimum  barometer  repre- 
sents tbat  space  where  the  air,  from  the  surface  of  the  earth  to  the 
top  of  the  atmosphere,  is  warmest  on  any  latitude,  and  consequently 
lightest." 

The  charts  of  13th  and  14th  Uarch  1859  were  firat  exhibited, 
showing  tbat  thunder  storms  with  rains  prevailed  up  the  Mississippi 
valley,  as  far  north  as  the  southeni  border  of  the  State  of  Michigan. 
At  the  same  time  a  severe  snow  storm  from  the  north-east  prevailed 
over  Minnesota,  Northern  Wisconsin,  and  Northern  Michigan — a 
foot  of  snow  falling  over  a  large  extent  of  country.  The  line  of 
minimum  barometer  was  greatly  curved,  or,  what  is  the  same  thing, 
stretching  from  south-east  to  north-west  in  its  northern  part.  Tbe 
remarkable  analogy  between  the  main  phenomena  of  this  storm 
and  that  of  the  "  Eoyal  Charter"  storm  of  1859,  was  pointed  out  by 
the  author  reading  a  passage  which  he  had  formerly  written  regard- 
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ing  that  storm,  and  merelj  substitutiDg  American  dates  and  places 
for  British. 

The  chart  of  I5tb  showed  that  the  cold  west  wind,  which  was 
first  felt  in  Texas  at  9  p.m.  of  the  l!ith,  and  was  at  first  travellin^^ 
faster  in  the  south  than  the  north,  had  pwept  the  whole  country 
as  far  east  as  St  Johns  in  South  Carolina,  and  northwards  as  far 
as  Oswego  at  the  east  end  of  Lake  Ontario.  The  line  of  minimum 
barometer  was  then  nearly  straight  from  St  Johns  to  Oswego,  cold 
winds  prevailing  on  the  west,  and  warm  on  the  east  side  of  it. 

The  author  then  drew  attention  to  the  phenomena  of  calms  that 
appear  in  the  front  and  rear  of  all  the  American  storms,  as  well  aa 
our  own.  7he  calms  stretching  southwards  from  Toronto,  on  the 
night  of  the  13th  March,  advanced  eastwards  at  the  rate  of  10  to 
12  degrees  of  longitude  a  day.  On  the  morning  of.  the  15th  the 
calms  were  east  of  ffova  Scotia.  At  the  very  same  time  another 
series  of  calms  was  produced  on  the  west  from  Texas  north  to 
the  west  end  of  Lake  Superior.  Frost  now  visits  Texas,  where 
thirty-four  hours  before  the  thermometer  stood  at  82°  in  the  shade. 
This  series  of  calms  was  the  forerunner  of  another  and  more  severe 
storm  then  to  the  west  of  them.  On  the  n)oming  of  the  16th  the 
central  axis  of  the  calms  was  over  the  85th  longitude,  having 
again  advanced  10  to  12  degrees  in  twenty-four  hours.  The 
calms,  then  seen  where  there  were  a  multiplicity  of  stations, 
showed  that  they  were  of  the  form  of  a  pyramid,  rounded  at  the 
top,  but  wide  at  the  base.  Along  the  shores  of  the  Gulf  of  Mexico 
the  region  of  calms  was  at  least  700  miles  broad,  hut  not  more  than 
20O  miles  on  the  Lakes.  The  advance  eastwards  of  these  calms 
from  day  to  day,  with  the  storm  to  the  west  of  them,  was  then 
traced. 

The  storm  on  the  west  of  the  calms  of  the  16th  was  traced  out. 
Charts  were  exhibited  of  the  morning  of  the  18th  and  night  of  the 
18th,  showing  its  progress  from  west  to  east  over  the  States,  and 
that  the  west  wind  advanced  faster  over  the  Southern  States  than 
the  Northern.  As  a  consequence,  the  minimum  line  of  barometer 
was  largely  bent  over  the  Eustern  States,  stretching  from  north- 
west to  south-east — this  direction  being  exactly  reversed  from  that 
of  the  morning  of  the  15th  March. 

The  author  then  pointed  out  the  relation  which  the  winds  to  the 
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west  of  line  of  minimum  liarometer  bore  to  tho  vinds  on  tbe  east, 
according  to  the  direction  of  this  Udo  with  lespect  to  the  meridiaoB. 

lit.  When  the  minimum  line  is  etraight,  or  nearly  bo,  on  the 
meridians,  as  on  morning  of  18th  March,  the  winds  change  from  a 
southerly  or  easterly  direction  to  west  or  north-weit.  This  holds 
trae  as  far  to  the  Dortfawarda  as  the  pressure  decreases  from  south 
to  north  OD  the  line  of  minimum  barometer,  as  it  did  over  an 
extent  of  the  line,  on  the  morning  of  18th  Mtffoh,  for  upwards  of 
8O0  miles.  Under  these  conditions,  a  calm  or  lull  of  the  wind 
occurs  along  the  line  before  tbe  wind  changes  suddenly  to  th» 
west  or  north -west. 

2d,  On  tbe  northern  border  of  the  storm,  where  the  line  of  mini- 
mnm  barometer  is  curved,  or  lying  from  south-east  to  north-west, 
as  in  Scotland  during  "Royal  Charter"  storm,  the  wind  dues  not 
calm  down,  but  veers  from  north-east  to  nortlj  and  west. 

Sd,  On  the  southern  border  of  the  storm,  when  the  line  lies  from 
north-east  to  south-west,  as  in  common  in  the  valley  of  the  Mis- 
sissippi west  of  the  river,  the  winds  are  more  northerly  there  and 
along  the  Oulf  than  in  any  other  part  of  the  United  States.  When 
this  direction  of  the  line  occurs  in  Scotland,  we  are  liable  to  such 
eruptions  of  northerly  winds  as  wrecked  the  "Ivanhoe"  in  Decem- 
ber 1867. 

ith,  When  tbe  minimum  line  of  barometer  on  tbe  southern 
border  of  the  storm  lies  from  south-east  to  north-west  an  oppo- 
site state  of  things  occur.  The  winds  do  not  lull  or  veer  at  first ; 
the  cold  current  from  the  west  rUBhes  in  behind  the  south-westerly 
warm  winds,  and  causes  tbe  temperature  to  fall  and  the  barometer 
to  rise.  Tbe  terminating  winds  on  tbe  east  and  west  sides  of  the 
minimum  line  on  tbe  ISth  and  the  19th  March  were  contrasted  in 
this  respect. 

The  relation  as  well  as  want  of  conformity  in  contour  between 
the  iaoharometric  lines  of  the  cold  west  winds  and  those  of  the 
warm  southerly  winds  were  pointed  out.  Tbe  phenomenon  of  the 
kneeing-in  of  the  isoharometric  lines  on  tbe  west  of  tbe  minimum 
line  was  exhibited.  Tbe  phenomenon  was  parallel  in  principle  to 
that  formerly  shown  by  tbe  author,  as  existing  in  the  south  of 
England  and  north  of  France  on  morning  of  3d  December  1863. 

The  author  then  pointed  out  tbe  extraordinary  different  results 
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that  were  obtained  in  measnring  the  rate  at  which  etorma  |ffo- 
greSBed,  bat  taking  either  the  mrnimnm  line  or  roin imam  point. 
The  French,  and  indeed  the  common  method,  ia  to  take  the  mini- 
mam  point,  while  Espy  took  the  minimam  line.  Neither  the 
one  nor  the  other  can  be  relied  on  to  ahow  the  actual  rate  of 
progress  of  the  atorm.  Taking  either  of  these  methods,  the 
Btorm  of  the  14th  advanced  eastwards  from  Border  Plains  in  Iowa 
to  Oswego  in  New  York  State,  aboat  900  miles  in  twenty-fuor 
hours,  or  upwards  of  37  miles  an  hour.  That  of  the  17th,  by  either 
of  these  methods,  from  Dubuque,  in  Iowa,  on  the  HissiBsippi,  to  a 
little  to  the  east  of  Lake  Michigan,  240  miles,  or  10  miles  an  honr. 
The  further  progress  of  this  storm  by  either  of  these  methods  was 
20  miles  an  hour.  The  author  then  maintained  that  the  rate  at 
which  the  calms  shifted  their  place  in  front  and  rear  of  these 
storms  furnished  the  true  measure  of  their  rate  of  propagation. 

The  author  then  gave  his  vievra  ss  to  the  mode  in  which  storms 
are  propagated.  The  idea  still  maintained  by  the  French,  as  well 
as  by  most  meteorologists,  that  the  falling  barometers,  high  tempera- 
tures, and  rains  on  tba  east  side  of  storms,  were  actually  translated 
from  west  to  east,  was  quite  indefensible.  It  was  aigaed  that  the 
calms  along  the  Q-ulf  of  Mexico,  which  were  prop^ated  in  front  of 
storms,  at  the  rate  or  nearly  6i}0  miles  a  day,  or  about  2S  miles 
on  hour,  could  not  possibly  be  imagined  to  travel  or  be  pushed  along 
from  west  to  east.  If  they  were  so,  there  could  be  no  calm.  So  the 
rod  lines  on  the  charts,  showing  the  falling  barometers  and  rains, 
like  the  calms,  apparently  travel  from  west  to  east.  There  can  be 
no  translation  howevei.  These  phenomena  aro  the  effects  of  causes 
which  are  acting  on  the  spot  On  the  morning  of  the  18th  the 
southerly  winds  to  the  east  of  the  line  of  minimum  barometer,  over 
an  immense  area,  were  all  light,  mixed  with  calms,  and  from  almost 
every  point  of  the  compass.  They  could  not  possibly  be  in  a  state 
of  translation  from  west  to  east  at  the  rate  of  20  miles  an  honr. 
The  explanation  is,  the  southerly  winds  hring  in  moisture,  which 
is  condensed  by  the  cold  of  expansion,  as  the  air  over  the  region, 
swept  by  the  warm  southerly  winds,  ascends.  It  is  a  prooess  which 
ODce  begun  tends  to  perpetuate  itself.  An  inch  of  rain  on  an 
average  fell  over  an  immense  area.  According  to  Espy  and  Tyn- 
dall,  as  much  force  would  be  evolved  on  50  square  miles  of  any 
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of  these  SUtea  (a  mere  gpect  on  the  chaite)  than  the  100,000,000 
of  touB  of  coals  that  G-reat  Britain  raises  in  a  year.  The  vapour, 
as  it  becomes  condensed  in  rains,  converts  the  atmosphere  into  a 
vast  caloric  engine,  and  produces  vast  effects.  Twenty-five  miles 
of  calms  on  the  west  side  of  the  calm  region  are  every  hour  con* 
verted  into  easterly  winds,  which  blow  towards  the  line  of  minimum 
barometer,  and  25  miles  of  calms  are  produced  every  hour  on  the 
east  side  ;  and  besides,  the  air,  as  seen  in  chart  of  16th  March,  is 
tossed  over  the  calms,  aa  an  upper  current  from  the  west,  and  as  it 
cools  by  radiation,  descends  and  supplies  the  oold  and  dry  winds 
that  blow  in  the  rear  of  the  minimum  line  of  barometer  on  the 
west  aide  of  the  previous  storm. 

The  rat«  at  which  the  calms  are  propagated  along  the  latitudes 
is  the  true  index  of  the  rate  of  a  storm's  progress.  Whatever  may 
he  the  particular  character  of  the  disturbance  within,  the  calms  on 
the  east  and  on  the  west  contain  the  whole  body  of  tlie  storm 
within  their  bounds.  Their  rate  of  propagation  is  the  true  rale 
of  that  of  the  diatnrbances  within.  With  all  deferenoe  to  Espy, 
storms  must  he  prop^ated  faster  along  the  sonth ;  for  so  long  as 
the  central  axis  of  the  calms  is  meridional,  it  must  move  more 
rapidly  in  the  sonth,  for  the  simple  reason  that  the  meridians  are 
wider  there. 


3.  On  the  Boulder-Clay  of  Europe.    By  D.  Milue-Houie,  Esq. 

It  was  explained  that  this  deposit,  known  in  Scotland  as  Till  or 
Bonlder-Clay,  prevaiU  also  in  Ireland,  the  Isle  of  Man,  England 
Cnorth  of  the  Thames),  Denmark,  and  Sweden,  though  much  less 
abundantly  in  these  last  countries.  It  exists  also  in  the  Hudson's 
Bay  districts,  and  at  the  south  extremity  of  South  America. 

It  had  been  a  subject  of  perplexity  to  geologists  ever  since 
attention  was  drawn  to  it,  fifty  years  ago,  by  Sir  James  Hall  of 
Dunglasa,  whose  papers  are  in  the  Transaotions  of  this  Society. 

Abont  the  year  ISiO  a  theory  was  started  to  accoaut  for  the 
boulder-clay,  and  other  phenomena  allowed  to  be  connected  with 
it,  by  the  action  of  glaciers. 

At  first,  local  glaciers  were  proposed ;  hut  latterly  there  seemed 
to  be  a  disposition  among  Scotch  geologists  to  adopt  the  startling 
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epeculatiouB  of  Agaaeiz,  that  a  gigantic  glacier  formerly  existed, 
emanating  from  the  North  Polar  regions,  and  flowing  over  the 
whole  northern  hemisphere. 

The  author  Boid  he  did  not  adopt  this  view.  He  held  that  the 
bonlder-clay  was  not  a  land  deposit,  but  one  vbtoh  had  been 
formed  at  the  bottom  of  the  sea;  that  it  originally  consisted  of 
the  ordinary  beds  of  mud,  sand,  gravel,  or  boulders,  such  as  are 
found  generally  at  a  sea-bottom;  and  tbut  these  beds  were  in- 
vaded by  icebergs,  which  ploughed  them  up,  and  mingled  them 
all  together,  eo  as  to  produce  what  is  called  boulder-olay.  His 
reasons  for  thinking  so  were  these — 

1.  True  boulder-clay  is  not  found  in  Switzerland,  though,  if  ito 
formation  is  due  to  the  action  of  glaciers,  it  ought  to  be  found 
there. 

2.  Boulder-clay  is  found  in  many  places  where  it  is  not  con- 
ceivable any  glacier  could  have  existed,  or,  at  all  events,  have  had 
any  connection  with  the  deposit. 

3.  An  examination  of  the  materials  composing  the  boulder-clay 
showed  that  these  materials  had  been  in  motion ;  and  as  it  appeared 
that  the  motion  was  everywhere  from  the  same  direction,  viz., 
from  the  west  or  north-west,  it  was  impossible  to  explain  such  a  uni- 
formity of  direction,  extending  over  so  large  an  area,  without  sup- 
posing that  there  had  been  a  great  oceanic  current,  which  operated 
in  producing  that  motion. 

4.  The  circnmstance,  that  almost  every  where,  boulder-clay  is  asso- 
ciated with  marine  Pleistocene  strata,  and  that  in  very  many  places 
in  Scotland,  Ireland,  and  England  it  contains  marine  fauna,  is  a 
strong  proof  that  it  has  been  formed  at  the  bottom  of  the  sea. 

5.  The  boulder-clay  shows,  however,  from  the  absence  of  strati- 
fication, from  the  broken  state  of  the  sea  shells,  and  from  the  un- 
natural mixture  in  it  of  littoral  and  deep-water  shells,  that  some 
agent  has  operated  on  it,  causing  great  disturbance,  and  acting 
with  immense  mechanical  power. 

6.  The  accounts  given  by  voyagers  to  the  arctic  regions,  show 
that  icebergs  there  disturb  the  sea-hottom,  and  produce  operations 
very  analogous  to  those  which  are  inferred  to  have  occurred  in  the 
production  of  the  boulder-clay. 

7.  The  character  of  the  shells  in  the  boulder- clay,  and  in  other 
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awociated  beds,  as  well  as  the  nature  of  the  animals  whose  bones  are 
found  in  it  and  in  these  beds,  shows  that  at  this  epoch  the  climate 
of  North-Westem  Kurope  was  arctic ;  and  the  height  at  which 
shell  beds  of  that  period,  as  well  as  othei  marina  strata,  have  been 
found,  shows  that  Scotland  must  have  sunk  to  the  depth  of  at  least 
3000  feet  below  the  present  sea-level. 

When  the  land  was  so  submerged,  icebergs  oame  over  the  sub- 
merged land,  and  grating  upon  the  sea-bottom,  converted  many  of 
the  beds  into  boulder-cla;. 

The  phenomena  of  smoothed  ridges  and  water  sheds,  the  posi- 
tion of  hloeg  pereis,  and  the  transport  of  honlders  generallj,  can  be 
better  explained  by  floating  ice  than  by  glaciers. 

8.  The  arctic  climate  of  North-Westem  Europe  was  probably 
caused— (1.)  By  the  G-nlf-Stream  flowing  in  some  other  direction 
than  that  now  followed  by  it;  (2.)  By  an  arctic  current  flowing 
from  the  west  or  north-west ;  (3.)  By  the  exbtence  of  high  land 
in  the  North  Atlantic,  which  increased  the  cold,  produced  glaciers 
and  icebergs,  and  gave  an  easterly  or  south-east  direction  to  the 
arctic  current. 


4.  On  the  Development  of  the  Flowet  of  Pinguicula  vulgaris, 
L.,  with  Bemaika  on  the  Embryos  of  P.  wlgaria,  P. 
grtmdijhra,  P.  lusitanica,  P.  caudata,*  and  UtTieularia 
minor.  By  Alexander  Dickson,  M.D.  Edin.  &  Dublin., 
Regius  Professor  of  Botany  in  the  University  of  Glas- 
gow. 

The  affinities  of  the  order  Lentibulariacese  having  hitherto  been 
somewhat  obscure,  the  author  undertook  the  investigation  of  the 
floral  organogeny  of  P.  vulgarit,  in  the  hope  of  being  able  to  throw 
some  light  on  the  subject. 

A  plant  of  F.  vulgarit,  examined  during  the  flowering  season, 
exhibits  a  short  axis  with  "  radical  "  leaves  spreading  as  a  rosette, 
and  terminated  by  an  unstalked  umbel  of  ebracteate  flowers.  In 
the  axil  of  the  last  leaf  is  produced  a  bud,  which,  after  the  matur- 

■  The  obsemttions  on  the  embr;o  of  thig  species  were  made  after  the  psper 
liad  been  eahmitteil  to  the  Soeiety . 
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ation  of  the  fmit,  supplants  the  now  decayed  main  axis  and  forms 
the  "  aultunii  rosette."  Thie  autumn  loaette,  on  the  approach  of 
winter,  loses  its  expanded  outer  leavea,  its  central  portion  remain- 
ing as  a  firm  bulb-like  winter-resting  bud,  the  outer  leaves  of  which 
are  developed  as  somewhat  fleshy  scales.  In  this  bulb-like  bud  the 
rudiment  of  the  inflorescence  for  the  next  season,  along  with  that 
of  the  axillary  bud  of  the  last  leaf,  is  to  be  eeen.  On  the  return  of 
warm  weather,  towards  the  end  of  spring,  the  winter  bud  expands 
as  the  flowering  rosette,  while  the  axillary  bud  of  the  last  leaf  is 
being  developed  so  as  to  form  the  autumn  rosette  as  above  desoribed. 

The  author's  principal  results  are  as  follows : — 

X,  The  receptacle  exhibits  irregularity  before  there  is  any 
appearance  of  floral  parts,  its  extremity  beiug  obliquely 
flattened  downwards  and  posteriorly. 

2.  The  calyx,  corolla  (apparently),  aDdrtscium,  and  ovary  appear 

first  in  their  anterior  part  or  parts, 

3.  The  aodroBcium  in  the  youug  flower  consists  of  two  fertile 

stamens  superposed  to  the  anterior  sepals,  and  two  stami- 
nodes  superposed  to  the  lateral  ones.  The  staminodes 
usually  disappear  at.an  early  period. 

4.  The  pistil  originates  as  a  semilunar  elevatiou  to  the  anterior 

side  of  the  receptacular  centre.  Its  extremities  gradually 
extend  themselves  around  that  oentre  until  the  ovarian  wall 
is  completed  posteriorly. 

5.  The  placenta  is  strictly  "  free-central "  being  always  uncon- 

nected with  the  ovarian  wall.    It  has  do  barren  apex  corre- 
sponding to  that  in  FrimulaceiB;  and  the  ovules  (which  are 
anatropal  aud  present  a  single  integument)  appear  in  basi- 
petal  snocessioD  over  its  surface. 
The  author  drew  attention  to  several  monstrosities,  chiefly  affect- 
ing the  pistil.    In  some  of  these  the  posterior  (small)  lip  of  the 
stigma  was  bipartite,  and  in  others  the  anterior  (large)  lip  was 
tripartite.     Combining  these  monstrosities,  he  drew  the  inference 
(which  he  held  to  be  quite  in  harmony  with  the  developmental 
facts)  that  the  pintil  of  F.  vtUgarii  consists  T3f  five  connate  carpels ; 
its  bilabiation  being  comparable  to  that  of  the  corolla  in  Utriculana 
minor,  where  five  parts  are  united  iuto  a  structure  with  two  eniire 
lip*. 
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The  author  is  iaclined  to  set  aside  the  ordinary  idea  of  a  close 
affinitjr  with  Scrophulariacen.  If  the  sapposed  corroBpoDdence  in 
the  Dumlier  of  carpels  has  no  reality,  the  orders  have  actually 
nothing  in  common  save  bilabiation  and  didynamy;  but  these 
characters  are  found  in  so  many  different  types  that  they  are  of 
very  small  value  in  determining  the  affinities  of  a  given  plant. 
On  the  other  hand,  he  showed  that  Lentibulariacese,  in  having  a 
free-central  placenta  and  (probably)  five  carpels,  differ  little  from 
FrimnlaceEB  except  in  the  superposition  of  the  stamens  to  the 
eepala,  and  the  exalhuminous  character  of  the  seed. 

The  author  thongbj  that  Salvadoracen  should  be  placed  near 
Lentihulaiiacesa,  as  bad  been  done  by  Payer  in  his  "  Le9ans  sur 
les  fam.  nat.  dea  plantes,"  and  suggested  that  Salvadora,  with 
oppositisepaloua  stamens  and  solitary  exalbuminons  seed,  bears 
the  same  relation  to  Lentibnlariacete  with  numerous  exalhuminous 
seeds,  as  Flambaginace»  with  oppositipetalons  stamens  and  soli- 
tary alhuminotis  seed,  bears  to  Frimulace»  with  numerous  albu- 
minous seeds :  Salvadoracen  with  Lentibulariacefe,  on  the  one 
hand,  and  Plumbaginaceie  with  Primulacees  on  the  other,  forming 
two  parallel,  nearly  allied  series. 

The  author  also  drew  attention  to  the  embryos  of  Pingweula 
vtUgarit,  P.  grandifiora,  P.  Ituitanica,  and  VlTicularia  minor.  A 
very  brief  statement  by  him  of  the  differences  between  those 
of  the  two  first  bad  already  appeared  in  the  report  of  a  meet- 
ing of  the  Dublin  Microscopical  Club,  on  2lBt  November  1867 
(HioroBcopical  Journal,  viii.  pp.  121-2) ;  but  a  more  detailed 
account  was  now  submitted  along  with  figures.  He  was  able  to 
confirm  St.  Hilaire's  statement  as  to  the  dicotyleilony  of  P.  luti- 
taniea,  which,  when  contrasted  with  the  monocotyledony  in  the 
two  first  named  species  of  the  genus,  is  very  remarkable ;  and  in  a 
Mexican  species,  P.  eavdata,  the  author  has  also  found  two  cotyle- 
dons. Tn  Utrievlaria  minor  the  embryo  is  somewhat  globular,  and  at 
first  sight  appears  to  have  a  smooth  undivided  surface ;  on  careful 
inspection,  however,  a  remarkable  conformation  is  to  he  observed  of 
that  end  of  the  embryo  which  is  remote  from  the  hilnm  of  the 
seed,  viz.,  a  minute  puncfum  vegetatvmia  surrounded  by  four  very 
slight  elevations  forming  the  somewhat  incurved  sides  of  a  square. 
He  was  not  prepared  to  call  these  four  elevations  cotyledtmt,  but 
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coDBidered  tlie  whole  stracture  interesting  as  showing  this  embryo 
to  be  a  little  in  advance  of  a  mere  "  embT^onal  globule." 


Diagram  of  the  flnver  of  Pinguiaila  vulgaru,  L.,  allowing  the  (BstiiatioD  (if 
calyx  and  corolla.,  the  stamene  and  BtaminodBB  Enperposed  to  the  auterioT  aod 
lateral  Bepalg,  and  the  one-celled  ovarj  with  free-central  placenta.  The  wall  of 
the  OTory  is  represented  as  divided  into  five  parts  by  two  plain  and  three 
doited  lines,  the  two  plain  lines  representing  the  division  of  the  stigma  into 
two  lips  or  of  the  capsule  into  two  Tolres,  the  three  dotted  lines  repreaenUng 
the  abuonnal  fissareB  in  the  above  mentioned  monatroatties. 


5.  ObservatioDB  oa  New  Lichenicolous  Micro-Fungi,     By 
Dr  W.  Lauder  Lindsay. 

The  author's  "ObBerrations"  relate  mainly  to  the  Microecopio 
Anatomy  of  the  reproductive  tissuea  and  corpuecles  of  about  fifty 
Liobenicolous  Paraaites — apparently  new  Bpecies — referable  partly 
to  the  trne  Fungi,  and  partly  to  the  Fungo-Lichenes.  These  parasites, 
tbemselveB  microscopic,  have  accumulated  in  the  author's  HerbaTium 
during  the  last  twelve  or  fifteen  yearn :  or  were  examined  by  bim 
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while  determining  the  species  of  rtiiioua  British  and  foreign  Lichen- 
oollectionB  eubmitted  for  that  purpose  during  the  Bune  period. 
The  types  of  the  parasileB  referred  to  are — 


ToTula  lichenicola. 

Microthelia 

ragulosaria. 

Stictaria. 

Sphceria  venfoian'a. 

Porietinaria. 

Microlhelia  Cookei. 

Bseomycearia 

Stereocanlicola. 

atricola. 

Umbilicariee. 

vesicutaria. 

Nephromii. 

Detailed  obeervations  are  included  on  the  variations  of  Torula 
lichenicola  and  Coniotheeium  liekenieolttm. 

The  group  of  parasitee  described  (accompanied  with  two  plates 
of  seventy  figures  illustrative  of  their  minute  structure)  ia  repre- 
sentative of  a  large  and  important  section  of  obscure  and  little 
understood  organisms  that  are  midway  in  character  between  Lichens 
and  Fungi,  and  which  have  been  scarcely  studied  by  either  Lichen- 
ologists  or  FuDgologists.  The  observations  made  apon  them  by 
the  author  illustrate  several  points  of  great  interest  in  the  physio- 
logy, anatomy,  morphology,  and  classification  of  the  lower  orders  of 
Lichens  and  Fungi,  e.g. — 

1.  The  extent  to  which  Lichens  are  affected  with  parasitic 

growths. 

2.  The  external  resemblance  between  these  parosites^^whether 

Lichens,  Fungi,  or  Fungo-Lichena — and  the 
Spermogonia,  1 

Fycnidia,  >  of  Lichens  or  Fungi. 

Apothecia  or  Feritfaecia, ) 

3.  The  connection  between  parasitic  growth  and  deformities  or 

degenerations  of  the  Lichen -thallu a  or  apothecia. 

4.  Thecloseuessof  the  alliance  between  Lichens  and  Fungi:  the 

impossibility  of  drawing  lines  of  demarcation. 

5.  The  fallacies  of  supposed  diagnostic  characters  or  differential 

tests  between  Lichens  and  Fungi :  especially  the  iodine- reac- 
tion-test. 
G.  The  usefulness  of  establishing  a  group  intermediate  between 
Fungi  and  Lichens — of  Fwigo-Lichenes, 
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7.  The  variations  of  eporee  or  sporidia  in  the  same  epecies. 

8.  The  occnneuce  of  different  forms  of  reprodnctive  cotpuscle^ 

in  the  same  perithecium. 
The  author's  paper  inclndea  also  descriptioDB  of  tvo  new  parasitic 
Jdicrcf-Liehetu — 

Lecidea  Endocarpicola,  and 
AbrothaUat  Moorei : 
and  of  one  non-parasitic  Micro-Fimgw — 
Fezixa  lichenoides. 
He  contributes  also  to  a  fuller  knowledge  of  the  minute  anatomy 
of  various  lichenicolous  parasites,  whose  names  and  specific  char- 
acters have  already  been  published,  but  which  are  neverthelees 
as  jet  little  known,  e.^. — 

Spharia  Hookeri.  I  Oasiieurlia  Bilacea. 

Spilomium  G-rapbideonim.     |  Mierothelia  Collemaria. 


6.  Oq  the  Theory  of  the  Fonuation  of  Ammonia  when 
NitrogeD  and  Aqueous  Vapour  are  passed  over  Mag- 
nesium.   By  A.  K.  CattoD,  M.A 

Id  a  paper  recently  communicated  to  the  Society  by  Mr  KTaiD 
and  myself,  we  showed  that  when  nitrogen  and  aqueous  vapour 
are  passed  over  magnesium  ammonia  is  formed.  We  took  for 
(granted  the  theory  of  the  reaction  to  be  that  the  magnesium  de- 
composes the  aqueous  vapour,  and  that  the  hydrogen  thus  pro- 
du<;ed,  when  in  the  nascent  state,  combines  with  nitrogen  and 
forms  ammonia.  In  a  diecuRSton  which  followed  the  reading  of 
the  paper,  Mr  Dittmar  maintained  that  such  was  not  the  theory  of 
the  reaction,  but  that  nitride  of  magnesium  is  first  produced,  and 
then  decomposed  by  the  aqueous  vapour  into  ammonia  and 
magnesia. 

I  gave  what  appeared  to  me  a  conclnaive  ansner  to  this  suppo- 
sition—which  I  was  certainly  surprised  to  find  seriously  maintained 
—for  it  seemed  in  every  point  of  view  so  entirely  untenable,  that 
1  did  not  think  it  worthy  of  notice  in  our  paper. 

As,  however,  the  furmation  of  ammonia  in  the   manner  we 
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described  is  a  point  of  conaiderable  iuterest,  I  have  thought  it  right 
to  embody  the  remarks  trbich  I  then  made  in  the  note  now  pre- 
sented to  the  Society,  in  order  to  remove  the  doubt  which  I  find 
exists  in  the  minds  of  some  as  to  the  theory  of  tlie  reaction. 

That  the  ammonia  is  not  due  to  the  action  of  aqoeous  vapour 
on  nitride  of  magnesium  is,  I  think,  clearly  shown  by  the  follow- 
ing consideratioDB : — 

(1.)  Nitride  of  magnesium  is  a  very  unstable  compound,  and  Is 
stated  to  decompose  water  with  such  violence  that  it  makes  the 
water  boil.  A  priori  it  is  a  very  strong  objection  to  an  explana- 
tion which  assumes  the  formation  of  a  body  under  the  very  condi- 
tions which  decompose  it.  To  say  that  nitride  of  magneeium  could 
lie  formed  in  the  presence  of  aqueous  vaponr,  is  pretty  much  the 
same  thing  as  to  say  that  potassium  could  be  formed  in  the  pre- 
sence of  water.  It  is  certainly  the  duty  of  those  who  make  a  Bup- 
[losition  so  entirely  at  variance,  as  I  think,  with  dynamical  con- 
siderations, to  support  it  by  some  experimental  evidence. 

(2.)  Nitride  of  magnesium  is  only  formed  when  magnesium  is 
heated  to  a  high  temperature  in  presence  of  nitrogen.  But 
ammonia  is  formed  in  small  quantity  in  our  experimenls  when 
nitrogen  and  aqueous  vapour  are  passed  at  low  lemperatttrei  over 
magnesium.  In  this  case,  it  is  certain  that  nitride  of  magnesium 
is  not  produced ;  for  it  wonld  not  be  prodnoed  if  aqueous  vapour 
were  not  present,  and  it  surely  will  not  be  pretended  that  the  pre- 
sence of  aqneous  vapour  might  induce  the  foimation  of  nitride  of 
magnesium  under  conditions  in  which  it  would  not  be  formed  in 
its  absence. 

It  is  equally  certain  that  at  low  temperatures  megnesium  de- 
composes aqueous  vapour  with  formation  of  hydrogen ;  and  in  the 
union  of  nascent  hydrogen  and  nitrogen,  we  have  a  sufBcient,  and, 
as  I  maintain,  the  only  explanation  of  the  formation  of  ammonia. 

(3.)  To  suppose  that  nitride  of  magnesium  could  be  formed  is 
equivalent  to  maintaining  that  magnesium  has,  in  the  conditions 
of  our  experiments,  a  greater  affinity  for  nitrogen  than  for  osygen, 
which  the  instability  of  the  nitride  and  the  great  stability  of  Ihe 
oside  of  magnesium  shows  is  not  the  case.  This  reason  alone  is 
sufficient  to  negative  the  supposition  of  the  foimation  of  nitride  of 
magnesium. 
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{i.)  Nitrogen  and  aqamua  vapour  passed  over  lodium  yielded  no 
ammonia.  The  reason  for  tbia  was  said  to  be  tbat  a  nitride  of 
sodium  does  not  exist.  Tbe  real  reason  for  the  non-formation  of 
ammonia  appeared  to  be  due  to  tbe  violent  action  of  the  aqueons 
vapour  on  the  sodium.  If  sodium  nm&lgam  were  used  in  order  to 
modify  the  action  of  tbe  sodium,  we  believe  that  ammonia  would 
be  produced.    It  is  our  intention  to  try  this  experiment. 

[A  diacnseion  followed  tbe  reading  of  this  paper,  in  which  Pro- 
fessor Cmm  Brown,  Mr  Dewar,  and  Mr  Catton,  took  part.] 


Monday,  Srf  May  1869. 
Dr  CHRISTISON,  President,  in  the  Cliair. 
Tlie  following  ComuiiiDications  were  read : — 

1.  IrifiueDce  of  the  Vagus  upon  the  Vascular  Syatem.  By 
William  Rutherford,  M.D.,  F.RS.K,  Demonstrator  of 
Practical  Physiology  Id  the  University  of  Edinhai^h. 

Abttract. 
The  author  gave  the  chie/teaa\tB  of  120  experiments  upon  frogs, 

rabbits,  and  dogs,  as  follows : — 

1.  He  showed,  by  novel  methods  of  experimentation,  that  the 
inferior  cardiac  branches  of  the  vagi  are — as  the  brothers  Weber 
pointed  oufr— inhibitory  nerves  of  tbe  heart,  and  that  they  cannot 
in  any  sense  be  regarded  as  motor  nerves  of  the  heart,  as  maintained 
by  Schiff,  Uoleschott,  Lister,  and  others.  Tbe  experiments  bear- 
ing on  this  question  were  performed  in  1866-67. 

2.  Because  the  heart  usually  beats  more  rapidly  after  division 
of  the  vagi,  Von  Bezold  and  others  have  concluded  tbat  the 
vagns  is  continually  restraining  the  heart's  movements.  The 
author  showed  that  increate  of  the  blood  preuttre  is  generally  the 
cause  of  the  quickened  cardiac  action  after  division  of  the  vagi, 
a  fact  which  had  been  overlooked  by  all  previous  observers.  Von 
Jlezold's  theory,  that  the  vagi  continnally  inhibit  the  heart,  was 
therefore  shown  to  be  devoid  of  the  necessary  proof. 


nigti/coavGoOglc 


of  Edinburgh,  Session  1868-69.  539 

3.  It  had  been  noticed  by  maoy  observers  tliat  after  division  of 
)>otb  vagi  the  blood -preasu re  ueually  rises.  This  has  always  been 
ascribed  to  the  quickened  rate  of  cardiac  action ;  but  the  author 
proved  that  it  is  nsually  due  to  the  contraction  of  abdominal  blood- 
vessels, chiefly  those  of  the  stomach.  Division  of  the  vagi  is 
fullowed  by  rise  in  the  blood  pressura— in  general — only  when  the 
animal  is  digesting  its  food;  that  is,  when  the  gastric  blood- vessels 
are  dilated  previous  to  the  division  of  the  nerves. 

4.  The  vessels  of  the  stomach  appear  to  he  dilated  during  diges- 
tion, chiefly  l-y  the  vaeo-inhibitory  action  of  incident  filaments  of 
the  vagi  upon  the  splaacbnic  nerves  (the  vaso-motor  nerves  for  the 
gastric  vessels). 

5.  By  the  discovery  of  the  above  fact  additional  support  is  given 
to  the  theory  that  the  contractile  elements  of  the  entire  vascular 
system  are  presided  over  by  two  kinds  of  nerves— one  motor,  the 
other  inhibitory.  The  former  brings  about  contraction  of  the 
vascnlar  system,  the  latter  causes  its  dilatation  by  throwing  the 
vaso-motor  nerves  into  a  state  of  rest. 

The  experiments  beating  on  the  questions  embraced  in  2,  3,  4, 
and  5,  were  chiefly  performed  in  1868. 


2.  On  Free  An-atomic  or  TransniiBsible  Power.    By  R  S. 
Wyld,  Esq.    (Second  Paper.) 

Obtervalions  on  Animal  Povxr,  it*  Nature  and  Source.     And  on 
Senae-^pereeption,  at  a  Perception  of  Power. 

In  the  first  part  of  the  paper  I  adduce  probable,  qt  prima  facie, 
evidence  in  favour  of  the  theory  that  the  power  which  produces 
voluntary  motion  is  not  derived  solely,  nor  even  chiefly,  from  the 
decomposition  of  the  muscular  tiasueB,  as  has  been  generally,  if 
not  universally,  held  by  recent  investigators,  but  is  derived  pri- 
marily and  principally  from  the  decomposition  of  the  cerebral 
\  issu^ ;  and  second,  that  this  decomposition  of  the  brain  is  efiected 
by  a  direct  voluntary  mental  efi'ort. 

Uy  views  may  be  briefly  stated  in  the  following  proposi- 
tions : — 

1st,  Free  force  is  liberated  by  the  dissolution  and  decomposition 
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of  Bimple  and  compound  bodies,  and  eepecially  by  the  decomposi- 
tion of  vegetable  and  animal  organic  tisiuee. 

2d,  An  immense  amount  of  free  force  ie  being  constantly  liberated 
by  the  proceBS  of  decomposition  going  on  in  the  body  of  the  living 
animal,  and  it  is  thug  that  heat,  one  of  the  prime  agents  in  the 
animal  economy,  is  supplied  to  all  parts  of  the  body. 

Zd,  Free  force  is  also  in  this  way,  viz.,  by  the  decom posit JOD  of 
the  substance  of  the  brain,  supplied  to  the  muscles  of  voluntary 
motion,  and  it  is  the  agent  which  causes  theii  coutractiooa,  for 
tlie  purposes  of  animal  movement. 

4(A,  This  decomposition  ia  effected  by  a  direct  mental  effort, 
which  we  are  consciousof  exerting  during  voluntary  muscular  action. 

5th,  Thougli  there  is  a  notable  difference  between  the  tension  of 
hrain  force  and  what  is  called  galvanic  force,  as  is  marked  by  its 
ascertained  inferior  velocity — about  95  feet  in  the  second — and  by 
its  having  a  feebler  and  more  easily  interrupted  current,  yet  brain 
or  nervous  force  seems  substantially  the  same  in  ita  nature,  source, 
and  action,  as  galvanic  force. 

The  grounds  for  holding  that  the  free  force  which  produces 
muscular  action  is  derived,  at  least  chiefly,  from  the  brain,  and  not 
from  the  muscles,  whose  main  function  is  to  be  the  mechaniciil 
instruments  of  motion,  are  the  following  ■. — 

\it  ground.  The  brain  is  the  centre  of  the  nervous  system.  It  is 
now,  ulso,  by  the  experiments  of  Helmholtz,  Harles,  Fick,  Schelske, 
and  others,  ascertained  to  be  the  sole  seat  of  sensation.  Being 
thus  the  direct  and  only  organ  of  the  mind,  it  is  n.xtural,  if  not 
necessary,  to  conclude  it  to  he  the  immediate  source  of  animal 
power  during  voluntary  muscular  movement. 

2d  grouttd.  We  have  a  direct  expenenee  that  the  amount  o/pkyaical 
poioer  obtained  M,  ceteris  paribus,  in  eotutaftt  proportion  to  llie  amount 
of  the  menial  effort  w^ich  vx  are  conictotit  of  exerting  in  producing 
tkie  phyiical  power. 

3d  ground.  The  brain  gets,  according  to  reliable  computation, 
probably  five  times  the  average  supply  of  blood  which  is  famished 
lo  the  other  parts  of  the  body,  weight  for  weight.  This  circnni- 
stunco  requires  to  be  accounted  for,  and  physiological  principles 
mark  it  as  a  proof  that  the  brain  is  au  organ  discharging  very 
heavy  and  important  work,  by  the  decompoaition  and  reconstmc- 
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tion  of  its  subEitaDce,  and'  by  the  coneequent  liberatioD  of  free 
traasmiBsible  force. 

ith  ground.  The  ciicumataace  that  the  complex  albuminonH  and 
oleaginous  constitution  of  the  cerebTal  substance  yields  readily  to 
decomposition,  and  that  it  is  the  part  whose  chemical  combinations 
are  the  first  to  break  up  after  death,  serves  furlhei  to  strengthen 
the  views  here  set  forth. 

The  subject  is,  doubtless,  one  very  difficult  to  investigate;  for 
even  if,  in  the  face  of  much  contradictory  evidence,  we  accept  the 
opinion  that  the  amoont  of  Urea  and  other  nitrogenous  products 
discharged  from  the  body  affords  a  cori^ct  measure  of  tlie  amount 
of  animal  work  performed  in  a  given  time,  yet  from  the  circum- 
stance that  both  the  brain  and  the  muscles  are  chiefly  nitrogenous 
in  their  constitution,  it  must  ever  remain  difficult,  if  not  impossible, 
by  any  mere  examination  of  the  nitrogenous  excretions,  to  ascer- 
tain whether  they  are  derived  from  the  one  organ  or  from  the  other, 
and  therefore,  the  most  ingenious  and  careful  investigations  will  be 
reiiuired  before  we  are  entitled  to  dispossess  the  brain  of  what 
appears,  on  pretty  strong  grounds,  to  be  one  of  its  most  important 
functions,  viz.,  that  of  being  the  organ  to  the  mind  for  the  pro- 
ductiou  of  animal  motion  and  power. 

On  Perception. 

The  second  part  of  this  paper  has  reference  to  the  subject  of 
sense-perception,  or  the  impressions  which  the  miud  obtains  by 
reason  of  its  connection  with  the  physical  world. 

The  writer  directs  attention  to  the  fact  that  an  examioation  of 
the  laws  of  momentum,  and  of  the  tianGmisBiou  of  the  rapid  cou- 
cusaions  and  vibrations  which  pass  through  the  atmospheric  and 
ethereal  media,  makes  it  apparent  that  Jree/orce  or  power  is  trans- 
mitted from  molecule  to  molecule  of  thev  media,  and  that,  philo- 
Hophically  speaking,  it  is  this  free  force  which  thus  enters  the 
brain  through  the  appropriate  nerves,  and  which  impresses  the  mind 
with  the  senaatioDB  of  light  and  sound. 

The  di£Bculty  which  has  hitherto  been  felt  by  philosophers,  not 
only  of  the  various  continental  schools,  but  also  of  our  Scottish 
school  of  philosophy,  has  ever  been — how  matter  or  physical  sub- 
t^tance  could  act  on  mind  ?    This  diilSculty  prompted  Malebrsnchr 
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to  promulgate  the  theor;  of  our  perceiving  all  things  in  God.  It 
also  prompted  Leibnitz  to  maintain  that  there  naa  no  operative 
connection  between  the  mind  and  external  physical  natnre,  but 
merely  a  pre-eatablistied  harmon; ;  and  much  the  same  difficulty 
led  Berkeley  to  deny  the  esiet«nce  of  an  external  world,  and  to 
declare  that  our  perceptions  were  not  real,  but  only  apparent, 
being  mere  ideas  evoked  in  the  mind  by  Deity, 

Reid  and  Stewart  also  represented  perception  in  the  light  of  an 
inexplicable  miracle,  on  which  the  study  of  the  physical  laws  not 
only  threw  no  light,  but  rather  served  to  mislead  and  pervert  tl  e 
inquirer.  The  Deity  they  held  to  be  the  only  efficient  caaiie  in 
perception. 

Mr  Wyld  holde  that  the  difficulty  thus  experienced  by  philoao- 
pbera  disappears  the  moment  we  carefully  examine  the  physiciil 
phenomena.  Thus  in  the  sensations  of  light  and  sound,  it  is  nut 
matter  or  substauce  which  affects  ue,  but  it  is  the  force  or  power 
transmitted  by  the  respective  media,  which  affects  the  mind.  Force 
or  power  Mr  Wyld  defines  to  he  the  action  of  an  unseen  immaterial 
agent,  as  proved  in  his  former  paper  on  "Free  Transmissible 
Power."  And  wherever  movement  is  observed  to  exist,  we  have 
evidence  of  the  existence  of  force  as  its  cause. 

When  we  explore,  says  Mi  Wyld,  the  links  of  cause  and  effect  iu 
the  physical  world,  and  aleo  when  we  contemplate  the  operations 
of  tiie  mind,  we  are  made  aware  that  the  seen  and  the  unseen,  the 
physical  and  the  mental,  rest  alike  on  the  spiritual  foundation  of 
piiwer.  Power  is  the  immaterial  or  spiritual  element  in  nature — 
that  which  produces  and  governs  every  physical  phenomena ;  it  ie 
the  copula  uniting  cause  and  effect.  It  is  also  the  attribute  of 
the  active  principle  within  us,  by  which  we  feel,  and  think,  and 
move,  and  exercise  control  over  external  nature. 

Reduced,  then,  to  a  philosophical  form,  we  stand  in  this  position  : 
It  is  the  power  of  the  Supreme  Being  which  constitutes  tbe  energies 
and  forces  of  nature.  These  forces  act  on  tbe  mind,  and  the  mind, 
as  a  real  agent,  acts  on  them.  Our  intercourse  with  nature  thus 
strictly  implies  a  connection  of  mind  with  roind, — the  connection 
of  the  Qteat  Mind  with  his  creatures  ;  not,  however,  as  maintained 
by  Malehranctie,  Berkeley,  Leibnitz,  or  Reid,  by  miracalous  inter- 
position  or  action,  but,  on  the  contrary,  expressly  by  and  through 
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the  operation  of  the  natural  laws  we  have  endeavoured  to  explain 
in  the  previous  paper — Deity  being  the  anstainer  of  these  laws 
and  of  the  active  energies  of  nature. 

We  know  that  the  mind  of  man  deab  witli  and  directs  free 
power  or  force,  when  it  sends  it  to  the  muscles  for  the  purposes  of 
Toluntai;  motion  ;  and  we  are  therefore  justified  by  parity  of  reason 
in  holding  that,  when  free  force  comes  in  upon  the  mind  from  the 
onter  world,  through  the  vibratory  movements  above  referred  to, 
the  mind  will  be  susceptible  to  its  tnflnenoe.  This  is  not  only  a 
consistent,  but  a  necessary  conclusion. 

It  is,  be  it  observed,  not  suhstauce,  bat  power,  which  the  vibral- 
ing  moleoiileB  bring  to  the  mind,  and  which  the  mind  receives.  We 
may  hold  also  that  the  force  or  power  thus  received  or  appropriated 
by  the  mind,  and  the  physical  movements  which  accompany  it,  talie 
end  in  the  brain,  being  there  neutralised  by  the  control  which  we 
know  the  mind  to  exert  over  physical  power. 

It  is  common,  we  admit,  for  physicists  to  explain  the  perception 
of  light  and  sound  as  due  to  the  vibratory  movenwfUt  of  the  physi- 
cal molecules  which  impinge  on  the  retina  and  auditory  nerve.  But 
in  doing  so  they  give  us  merely  the  outer  manifestation,  and 
neglect  the  unseen  essence  and  efficacy.  For  it  is  the  force  which 
causes  the  movement,  and  not  the  movement  which  causes  the 
force.  It  is  force  which  causes  the  cannon  hall  to  fly  with  its 
destructive  violence.  Take  away  the  force,  and  the  iron  lies  harm- 
less on  the  ground- 
Without  the  iron,  indeed,  or  other  atomic  body,  we  could  neither 
obtain  nor  use  physical  force  for  physical  purposes,  and  for  these 
reasons — first,  though  we  can  take  force  from  one  body  and  pass 
it  to  BDother,  we  can  never  obtain  it  freed  from  its  pLyeical  con- 
nection. The  second  reason  that  physical  substance  is  necessary 
for  physical  purposes  is  this — Though  the  iron  is  passive,  and  the 
sport  of  its  Master — Force,  and  though  it  is  force  that  carries  it 
through  the  air,  still  the  iron  evidently  performs  an  important  part 
in  physical  dynamics.  It  is  h^cause  iron  and  other  atomic  bodies 
are  impenetrable  by  each  other,  that  when  the  cannon  ball  meets 
the  iron  target,  one  or  other  of  them  must  yield.  The  question  is 
not,  which  of  them  is  the  hardest — for  a  piece  of  tallow,  we  know, 
may  be  fired  through  a  deal  board— the  question  is — whether  the 
vol..  VI.  4  ■ 
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ooheeive  pcwei  of  the  target  or  the  onward  force  of  the  ball  Is 


greater.  If  the  latter  prepoaderates,  then  the  force  neceHsarily 
carries  the  ball  with  it  through  the  iion  plate,  vith  violent  disrup- 
tion of  its  parte. 

On  the  same  principle,  it  is  not  the  movemeiit  of  the  molecales 
which,  hitting  the  retina  and  auditory  nerre,  affects  the  mind 
with  the  sensations  of  light  and  sonnd,  it  is  the  force  which  they 
carry  which  accomplishes  this. 

Thongh  force  is  the  operative  principle  in  all  physical  ^d 
mental  actioo,  yet  mark  the  result  were  force  not  r^ulated,  and 
bound  up  in  connection  with  physical  bodies.  Were  force  fVeed 
from  this  connection,  it  would  attain  immediate  equilibrium,  and 
the  physical  universe  would  instantly  cease  to  exist — action  and 
reaction,  momentum  and  inertia,  resistance  and  localised  force 
being  at  an  end,  physical  law  and  the  physical  world  would  be  at 
end  with  them— for  the  physical  world  consists  but  of  the  antagon- 
ism of  contending  forces. 

Mr  Wyld  concluded  by  referring  to  the  distinctive  nature'of  our 
perception  of  the  primary  or  solid  resistiug  properties  of  physical 
objects,  and  of  our  other  perceptions.  In  our  sensations  of  light 
and  sound,  taste,  smell,  and  touch,  the  mind  is  passive.  But  our 
perception  of  the  primary  properties  of  external  nature  depends 
entirely  on  another  principle,  namely,  on  our  consciousness  that  the 
mind  possesses,  and  exerts  a  command  over  active  physical  power, 
or  the  power  of  aaimal  motion.  When  we  ore  conscious  of  possess- 
ing this  power,  and  perceive  that  the  Will  which  exerts  and  direct* 
it,  is  thwarted  by  our  coming  into  visible  contact  with  outer  objects, 
we  discover  at  once  that  these  objects  possess  resisting  power, 
seeing  that  they  counteract  at  once  our  power,  and  our  Will,  and 
our  motion. 

This  distinction  between  passive  sensations  and  the  exercise  of 
our  active  mental  and  animal  powers  has  not  been  snfScieutly 
urged  in  refutation  of  Berkeley's  Idealism.  The  vast  majority  of 
realists  in  philosophy  succumb  under  the  ^parent  force  of  the 
absurd  argument^  that  all  our  perceptions  are  resolvable  into  mental 
Bensations,  and  therefore  that  our  belief  of  an  outer  world  hangs  on 
faith  alone.  Mr  Wyld  maintatos,  on  the  contrary,  that  according 
to  the  principles  of  his  theory  we  have  a  ready  and  complete  con- 


ny  Google 


of  Edinburgh,  Seeaion  1868-69.  546 

fntatioQ  of  Beikeleyism.  For  the  mtnd  not  only  poBsefineB  a,  com- 
mand  of  physical  power,  but  it  j'b  coruciout  that  it  possesaes  it,  and 
that  it  exerts  it,  and  tbat  its  exertions  are  resisted  by  external 
objecta ;  and  thus,  throngh  a  direct  consciousneea  of  mental  power, 
we  have  an  indirect,  but  indefeasible  proof  and  peroeption  of  the 
reeistance  of  external  objecta,  and  of  the  external  world. 


3.  On  the  Affinities  and  CUsBification  of  the  NemerteaiiB. 
By  W.  C.  M'IntoBh,  M.D.,  Ac. 

The  immediate  allies  of  the  Nemerteans  are  evidently  the  Flana- 
rians,  and  Ebrenberg's  class  Turbellaria,  as  now  amended,  is  there- 
fore a  very  natural  one.  There  is,  however,  a  coneiderable  divergence 
between  the  two  groups ;  and  since  it  ia  only  through  the  Flanarians 
tbat  the  Nemerteans  can  in  any  way  belinkedontotheTrematoda, 
it  ia  found  that  there  is  little  structural  resemblance  between  the 
two  last-mentioned  types.  The  various  parts  of  the  organism  in 
the  Trematodes  and  Planarians  (through  which  the  connection  of 
the  Nemerteane  with  the  former  may  he  supposed  to  occur)  were 
contrasted,  and  tlieir  homologies  explained.  The  atructural  re- 
lations of  the  Plan^ans  and  Xemerleana  were  then  considered ; 
and,  thirdly,  the  connections  of  the  latter  with  the  higher  Annelids 
were  alluded  to. 

In  regard  to  classification,  the  arrangements  of  Linnesus,  Ehren- 
berg,  (Ersted,  De  Quatrefages,  Max  Schultze,  Schmarda,  Keferstein, 
and  others  were  examined,  and  the  reasons  wiiy  they  could  not  now 
be  adopted,  at  least  without  esi^ential  modifications,  explained. 
The  following  classification  ia  considered  leas  liable  to  alterations 
in  principle,  since  it  is  founded  on  an  anatomical  basis. 

Order  Nemertinea. — Worms,  with  more  or  less  elongated,  soft, 
ciliated  bodies;  nervous  system  composed  of  two  conspicuous 
gaoglia  connected  by  a  double  commissure,  and  two  main  lateral 
cords;  digestive  aystem,  in  the  form  of  a  ciliated  canal,  with  two 
apertures ;  circulatory  aystem,  consisting  of  a  series  of  closed  con- 
tractile vessels.  The  proboscis  forms  the  typical  organ  of  the 
order,  and  is  surrounded  by  a  special  muscular  sheath,  within  which 
it  glides  in  a  corpuscnlated  fluid ;  in  front  it  passes  between  the 
commissures  of  the  ganglia,  while  the  digestive  tract  is  placed 
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inreriorly.    Sexes  separate  in   the  mujority;   oviparous  or  ovo- 
viviparous. 

Tbe  OrJer  may  most  naturally  be  eeparated  into  two  great  iSu^ 
Orden,  distingaished  from  each  other  by  the  presence  or  absence 
of  stylets  in  the  proboHcia,  the  former  being  called  after  Max 
Schultze,  (but  with  amended  characters),  Enopla,  and  the  latter 
Anopta. 

The  Sub-Order  Enopla  is  characterised  farther  by  the  rounded 
and  somewhat  double  nature  of  the  nerve-gangliou  on  each  aide,  and 
by  the  fact  that  the  lateral  nerve-cords  are  placed  within  the  proper 
muscular  walls  of  the  body.  The  mouth,  moreover,  opens  on  the 
ventral  surface  of  the  snout  io  front  of  the  commissures  of  the 
ganglia.  The  blood-vessels  are  more  differentiated  than  in  the 
Anopla.  The  young,  so  far  as  known,  do  not  undergo  any  note- 
worthy metamorphosis. 

In  the  Enopla  there  exists  one  great  group,  and  a  subordinate 
one,  which,  however,  retains  so  many  of  the  characters  of  the 
former,  that  it  has  not  been  considered  advisable  to  separate  it  into 
a  distinct  family,  but  both  have  been  placed  under  the  Family 
Ommatopleidte.  The  animals  forming  this  Family  have  two  mus- 
cular layers  in  the  body-wall,  an  external  circular  and  an  internal 
longitudinal ;  the  proboacia  is  composed  of  three  divisions,  anterior, 
middle,  and  posterior,— the  former  having  in  the  typical  forms  seven 
coats,  viz.,  external  elastic,  external  longitudinal  (muscular),  le- 
ticulated  or  beaded  layer,  inner  longitudinal,  circular,  basement 
layer,  glandular  layer.  The  middle  region  bears  the  stylets,  and 
the  posterior  forms  a  long  sac,  with  two  muscular  coats — external 
circular  and  internal  longitudinal.  There  ore  three  great  longi- 
tudinal vascular  trunks,  two  lateral  and  one  median.  The  cephalic 
pits  and  glands  are  aocompaaied  by  long  tnbes  ot  ducts.  The  sub- 
division of  the  Family  referred  to  may  be  made  by  separating  those 
(A)  with  comparatively  abort  and  thick  bodies,  and  proportionally 
large  proboactdes;  and  (B)  those  having  more  ot  lees  elongated 
bodies,  and  proportionally  short  proboscides. 

The  Sub-Order  Anopla,  again,  is  further  distinguished  by  having 
the  nerve-cords  placed  between  the  muscular  layeis  of  the  body- 
wall.  The  moulb  opens  on  the  ventralsurfaoe behind  the  commis- 
sures of  the  ganglia.    The  blood-vessels  are  eomewhat  less  differ- 
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entiated  thao  in  the  Eoopla.  The  youQg  in  the  most  conspicuoua 
FamilieB  nudeigo  a  remarkable  metamorphosis. 

Id  this  Sub-Order  there  are  several  Families,  the  most  conspicuous 
and  typical  of  which  is  that  of  the  Sorlasidsa,  characterised  by  the 
more  or  less  eloDgated  shape  of  the  ganglia,  the  airangement  having 
mlh  the  commiBsare  the  form  of  a  horse-shoe.  The  muscular 
coTQring  of  the  body  is  composed  of  three  layers — external  longi- 
tudinal, circular,  and  internal  longitudinal.  The  proboscis  is 
furnished  with  five  coats,  viz.,  external  elastic,  external  longitudinal 
and  accessory  bands,  circular,  basement,  and  glandular  layers.  The 
circulatory  system  consiats  of  three  great  longitudinal  trunks,  two 
lateral  and  a  dorsal,  which  frequently  anastomose  by  transverse 
brancbeB,  form  a  rete  mirahth  in  the  cesophageal  region,  and  unite 
in  lacnnce  behind  the  ganglia.  Head,  with  deep  lateral  fissures  in 
connection  with  the  cephalic  gland,  which  is  rounded,  and  not 
fumiehed  with  long  tubes  or  ducts. 

A  curiona  specimen  from  Herm  forms  the  type  of  a  group  that 
would  require  to  be  raised  to  the  rank  of  a  Sub- Family,  but  as  only 
one  specimen  has  yet  been  found,  it  is  thought  advisable  to  post- 
pone this  at  present,  and  distinguish  it  only  generically.  In  this 
animal  the  probcscis  ia  extremely  slender  in  proportion  to  the  bulk 
of  the  oody,  and  in  its  minute  structure  differs  from  the  type  of  the 
Borlasidte  in  having  no  accessory  bands  cut  off  from  the  longitudinal 
layer.  Externally  the  organ  has  an  elastic  investing  layer,  then  a 
longitudinal,  within  which  are  a  thin  circular  and  a  glandular  coat. 
The  reddish  colour  of  the  muscles  of  this  species,  and  the  tinted 
circulation,  are  likewise  quite  characteristic. 

A  more  distinct  Sub-Family  of  the  Borlaside  than  the  foregoing, 
perhaps,  is  thatof  the  Borlasian  without  lateral  slite.  The  anatomy 
of  the  body-wall  agrees  with  Linens,  but  there  are  no  cephalic 
fissures.  The  structure  of  the  proboaois  ia  also  characteristic,  for 
there  is  externally  no  distinct  investing  layer,  the  outer  coat  con- 
sieting  of  apirat  and  interwoven  muscular  fibres,  the  middle  of 
longitudinal,  and  the  internal  of  the  usual  glandular  coat. 

The  Meckelidce  constitute  a  very  distinct  Family  of  this  Sub- 
Order.  The  general  structure  of  their  nervous  system  agrees  with 
Borlaaia,  but  the  lateral  ntive-cords  are  placed  between  the  circular 
(external)  and  the  longitudinal  (internal),  these  being,  moreover, 
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the  uoly  two  mudculor  coats  of  the  body.  Thero  are  do  lateral 
'  liBsurea.  The  ciiculatory  ayetem  consiats  of  two  great  lateral 
trunks.  The  proboscis  hae  extenially  a  double  elastic  layer,  a  thick 
loDgitudinal  coat,  and  iotenially  a  glandular  layer. 

The  Family  of  the  Cephalothrietda  deviates  still  mure  from  the 
typical  gioQp.  The  airaDgement  of  the  ganglia  differs,  and  the 
commiesureB  are  separated  by  a  considerable  antero-posterior  inter* 
val.  The  lateral  nerre-corda  lie  between  the  longitudinal  layer 
and  an  isolated  inner  band  of  fibres  having  the  same  direction. 
The  proboscis  is  supplied  with  acicnlar  papillse,  and  seems  to 
have  as  external  circolar  and  an  internal  longitudinal  coat.  Snout 
devoid  of  Sssures.  Circulatory  system  composed  of  two  great 
longitudinal  trunks,  which  communicate  anteriorly  and  pc»teriorly. 
Oviparous :  the  young  undergoing  no  true  metamorphoBis,  although 
they  poMess  eyes,  whereas  the  adults  are  generally  eyeless. 

4,  On  the  Altaloida  contained  in  the  Wood  of  the  Bebeeru 
or  Greenheart  Tree  {Nectartdra  Bodicei,  Schomb.)  By 
Douglas  Maclagan,  M.D.,  F.It.S.E.,  Professor  of  Medical 
Jurisprudence  in  the  University  of  Edinburgh,  and 
Arthur  Gamgee,  M.D.,  F.It.S.K 

When  the  wood  of  the  bebeeru  tree  is  subjected  to  a  process 
similar  to  that  recommended  in  the  British  Pharmacopoeia  for  the 
separation  of  bebeerine  from  the  hark,  a  mixture  of  several  alkaloide 
18  obtained. 

In  this  memoir  the  authors  specially  describe  the  properties  of 
one  of  these  alkaloids,  to  which  they  have  assigned  the  name 
Nectandria  and  the  formula  C,oH„NO,.  (Bebeerine,  according  to 
V.  Flanta,  has  the  formula  CisH^NO,).  Nectandria  is  obtained  by 
treating  the  mixed  alkaloids  obtained  from  the  wood  with  chloro- 
form, in  which  it  Is  abundantly  soluble. 

From  the  chloroform  solution  it  is  obtained  in  the  form  of  a 
fawn-colonred  substance,  which  is  quite  amorphous.  It  differs 
from  Bebeerine  in  being  almost  absolutely  insoluble  in  ether,  and 
in  fusing  when  placed  In  boiling  water.  By  treating  the  solution 
of  the  hydroohlorate  of  this  base  with  animal  charooal,  and  then 
precipitating  the  solution  with  ammonia,  the  authors  succeeded  in 
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obtaioing  the  base  of  an  almoat  pure  white  colour.  When  dissolved 
in  acid  this  powder,  however,  yielded  yellow  solationa. 

When  Nectandria  is  treated  with  sulphuric  acid  and  binozlde  of 
manganese  a  magnificent  green  colour  is  developed,  which  slowly 
changes  to  a  violet,  which  cannot  be  distinguished  from  that  pro- 
duced under  similar  circumstances  with  strychnia.  This  reaction, 
which  is  of  exceeding  delicacy,  is  not  possessed  by  bebecrine. 
Nectandria  has  no  effect  in  rotating  the  ray  of  polarised  light. 

After  separating  nectandria  by  means  of  chloroform,  the  authors 
treated  the  mixed  bases  with  boiling  water,  which  readily  acquired 
a  rich  yellow  colour,  and  an  intensely  alhaline  reaction.  On  cool- 
ing, the  water  deposited  a  yellow  precipitate,  which  was  found  to 
consist  of  microscopic  nodules.  The  substance  dissolved  by  the 
water  is  a  very  powerful  base;  its  compound  with  platinum  is 
noular,  and  differs  from  the  double  salt  of  platinum  and  nectandria 
in  being  fusible  in  hot  water.  This  new  base  is  insoluble  in  chlo- 
roform, decidedly  soluble  in  water  (one  part  is  soluble  in  56'8  ports 
of  cold  water)  and  insoluble  in  ether. 

When  treated  with  binoxide  of  manganese  and  sulphuric  acid 
it  gives  exactly  the  same  reaction  as  nectandria. 

The  taste  of  this  base  is  peculiar,  being  both  bitter  and  astringent. 

The  platinum  compound  of  the  new  base  was  analysed,  and 
found  to  contain  (1)  201  per  cent,  of  platinum  and  (2)  2057  per 
cent  of  platinum. 

After  separating  the  two  bases  above  referred  to  a  brown  residue 
remains,  which  is  insoluble  in  chloroform,  ether,  and  water,  but 
soluble  in  alcohol.  The  alcoholic  solution  possesses  an  alkaline 
reaction.  This  substance  forms  compounds  with  acide,  and  yields 
an  amoiphons  compound  with  platinum. 

The  authors  propose  to  examine  in  the  sequel  the  physiological 
and  therapeutical  properties  of  the  true  bases  treated  of  in  this 
paper,  as  well  as  to  investigate  in  a  epeoial  manner  the  chemical 
relations  which  exist  between  them. 
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Monday,  llth  May  1869. 
PaOFESKOB  KELLAND,  Vice-President,  in  the  Obair. 
The  following  Communications  were  read : — 

1.  On  the  Basin  of  the  Firth  of  Forth,  and  some  of  its 
Greological  Phenomena.     By  David  Milne-Home,  Esq. 

I.  An  account  woe  given  of  the  dimenaions  of  the  estnaiy,  in 
respect  of  length,  width,  and  depth;  and  also  of  the  general  direc- 
tion of  the  axis  of  the  estnary. 

II.  It  was  next  ahovn  that  the  formation  of  the  estuary  was 
probably  due  to  the  great  geological  fractures  and  dislocations 
which  had  taken  place  in  this  part  of  Scotland,  inasmuch  as  the 
direction  of  these  was  parallel,  or  nearly  so,  to  the  axis  of  the 
estuary,  aud  as  the  downoasts  in  the  adjoining  counties  on  the 
north  and  the  south  were  all  towards  the  estuary,  thus  producing 
a  trough  or  valley,  deep  enough  to  be  entered  and  filled  by  the 
sea. 

III.  The  author,  before  describing  the  newer  deposits  filling  the 
basin  of  the  Frith  of  Forth  and  covering  its  adjoining  shores, 
stated  that  tfae  materials  of  these  deposits  were  most  probably 
derived  from  the  upcast  strata  which,  along  the  slips  and  fractures, 
had  formed  high  exposed  cliffs,  and  which  yielded  to  the  influence 
of  the  sea,  if  the  sea  covered  them,  or  atmospherio  changes,  if  they 
were  above  the  sea-level. 

1.  There  were  no  data  for  determining  wihen  these  dislocations 
took  place.  There  was  clear  evidence,  however,  that  in  the 
Western  Highlands  there  bad  been  outbursts  of  trap  at  a  period 
later  than  the  chalk ;  and  Mr  Cumming  thought,  that  in  the  Isle  of 
Han  part  of  the  boulder-clay  bad  been  formed  after  great  disloca- 
tions there. 

2.  An  account  was  then  given  of  the  various  kinds  of  deposits, 
cliiefly  by  means  of  reports  obtained  of  borings,  which  showed  the 
layers  of  clay,  pand,  and  gravel  passed  through,  with  the  thickness 
of  each. 
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3.  It  vas  obserred  Ihat  clay  generally  occupied  the  lowest  levek, 
sand  and  giavel  the  higher  levels,  a  reason  for  which  was  assigned. 
The  bed  called  "tkech"  or  "thidge"  was  described,  as  also  the 
"brown"  or  "cane  day;"  and  the  qnestion  was  raised,  whether 
the  peat  beds,  whioh  also  appeared  among  the  deposits,  were  tn  aitv, 
or  whether  they  were  funned  of  drifted  materials.  The  eab-matine 
forest  on  the  Fife  coast  was  noticed. 

Some  account  was  giTen  of  the  sea-shelh  found  in  the  districts, 
it  being  explained  that  they  occnrred  sometimea  in  positions  where 
they  were  entire,  and  also  in  other  places  where  they  were  broken. 
It  was  supposed  that  in  the  former  cose  the  shells  were  now  where 
they  lived  and  died ;  in  the  latter  case,  where  they  had  been  thrown 
np  on  beaches. 

An  enumeration  of  the  Whak  tkelelon*  discovered  was  next  given. 

i.  Some  details  were  entered  into  regarding  beds  of  land  and 
gravel,  and  the  pebbles  found  in  both,  partioulaily  the  fragmentfl 
of  coal,  as  indicating  the  quarter  from  which  the  transporting 
agent  had  moved.  The  subject  of  kaim»  was  adverted  to,  which 
the  author  ascribed  to  the  action  of  sea-tides  and  onrrents. 

Some  anoient  deltas  along  the  foot  of  the  OchU  Hills  were 
noticed  and  shown  in  a  map. 

5.  Bouldera  of  a  large  size  were  pointed  ont,  with  a  notice  of 
strite  on  several,  and  of  the  direction  of  the  striffi. 

These  bonlders  were  deeoribed  as  belonging  to  two  distinct 
classes,  the  one  being  rounded,  the  other  angular,  and  each  being 
in  such  different  circumstances  as  to  suggest  a  different  mode 
of  transport  for  each  class.  All  the  boulders  in  this  district,  how- 
ever, appeared,  from  the  nature  of  the  stones  composing  them, 
to  have  come  from  the  west  or  northwest,  in  this  respect  agreeing 
with  the  direction  of  the  strife  on  the  boulders  and  rocks,  and  with 
the  direction,  in  most  instances,  of  the  longer  axis  of  the  boulders. 

6.  The  next  topic  adverted  to  was  the  lines  of  rocky  cliffs  and 
caves,  at  a  height  of  from  15  to  30  feet  above  the  present  sea-level, 
which  proved  that  the  sea  had  stood  that  much  higher  formeriy. 

The  author  then  proceeded  to  show  that  almost  all  the  hills  in 
the  district  presented  smoothed  or  bared  fronts  to  the  west,  and 
that  many  of  them  were  worn  down  and  grooved  in  sucb  a  way  as 
to  show  that  some  powerful  and  heavy  agent  had  passed  over  them. 
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These  markiugB  were  particalarly  vieible  in  tbe  gQtg,B  of  the 
estiiRry  at  Stirling,  and  up  to  a  level  of  above  350  feet. 

7.  Attention  was  next  called  to  tbe  bonlder-clay  of  tbe  district, 
wbose  inegularit;,  botb  of  distribution  and  of  thickness,  was 
pointed  out. 

The  fact  of  marine  beds  foond  above,  below,  and  in  the  heart  of 
the  bonlder-cIay  was  noticed,  as  also  the  force  witJi  which  it  appeared 
to  have  been  pnshsd  by  some  agent  or  agents  in  an  easterly  direc- 
tion. 

The  ooloor  of  the  bonlder-clay,  varying  as  it  does  in  different 
districts,  seemed  to  be  owing  to  the  coloai  of  the  rocks  situated  in 
each  case  to  the  westward,  and  it  woe  observed  that  beds  of  strati- 
fied or  laminated  clay  sometimes  showed  different  colours,  concur* 
rently  with  tbe  bonlder-clay. 

The  author  next  adverted  to  the  two  theories  proposed  to  explain 
the  origin  of  the  boaldar  clay,  the  one  being  that  it  was  mnd 
formed  by  a  glacier  grinding  the  rocks,  over  which  the  glacier 
flowed,  and  the  other  that  it  was  formed  iiy  icebergs  ploughing 
through  and  mixing  np  a  previonsly  existing  sea-bottom  composed 
of  mad,  sand,  clay,  gravel,  and  bonlders.  He  stated  that  he  adopted 
tbe  second  view,  and  specified  some  of  tbe  diffionlties  of  the  ques- 
tion, all  of  which  he  thonght  could  he  more  completely  solved  by 
the  iceberg  than  by  the  glacier  hypothesis. 

8.  Tbe  author  then  adverted  to  the  subject  of  ancient  eea- 
margins,  four  of  five  of  which  he  specified,  mentioning  the  names 
of  places  where  they  had  been  obaerved  by  himself  or  others. 

The  lowest  of  these  sea- margins  he  had  drawn  on  a  map,  which  be 
exhibited)  and  the  height  of  this  margin  he  stated  was,  at  the  head 
of  the  old  estuary  (west  of  Stirling),  about  30  feet  above  the  same 
old  eea>margin  at  Dunbar.  This  rise  be  attributed  to  tidal  action 
exclusively,  pointing  out  that  even  now,  when  the  estnary  is  so 
much  shallower,  tbe  sea-level  at  Alloa  is  6)  feet  higher  than  at 
Dunbar,  and  that  there  are  other  estuaries,  in  this  conntiy  and 
others,  where  now  tbe  sea-level  is  at  their  head  mor«  than  30  feet 
above  the  level  at  their  mouth. 

9.  The  author  said  that  the  change  in  the  relative  levels  of  sea 
and  land,  which  these  ancient  sea-margins  indicated,  might  have 
been  brought  about  either  by  the  land  rising  or  by  the  sea  sinking ; 
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and  he  waa  inoliDed  to  think  the  lut  pioceBS,  however  it  was  to  be 
accounted  for,  Beemed  more  in  accordance  with  the  facte,  and,  io 
particular,  with  the  horizontalit;  of  theee  Bea-maigjns,  which, 
being  over  an  exteneive  area,  could  Bcaroely  have  resulted  fiom 
volcanic  elevation  of  the  land. 

10.  The  author  adverted  to  an  opinion  by  Ur  Groikie,  and 
countenanced  by  Sir  Charles  Lyell,  that  the  laet  change  in  the 
relative  levels  of  sea  and  land  took  place  in  the  Firth  of  Forth 
since  the  time  of  the  Bomans,  which  opinion  he  thought  was  dis- 
proved by  the  number  of  military  works  of  the  Bomans  in  the 
district  about  Stirling,  which  could  never  have  been  made  had  the 
sea  then  stood  20  or  30  feet  higher  than  at  present. 

At  the  same  time,  he  thought  there  was  evidence  to  show  that 
human  beings  occupied  this  part  of  Scotland  when  the  sea  had 
stood  at  that  higher  level,  and  that  as  there  were  also  gtonnda  for 
believing  that  the  climate  of  Scotland  had  then  an  arctic  character, 
the  eubteiranean  dwellings,  called  "  weems  "  and  "  Ficts'  bouBes," 
found  in  many  parts  of  Scotland,  might  very  probably  be  referred 
to  the  epoch  which  preceded  the  change  of  sea-level. 


2.  On  Comets.    By  Professor  Tait. 
(^Ahstraet.) 

The  principal  object  of  the  paper  is  to  investigate  how  far  the 
singular  phenomena  exhibited  by  the  tails  of  comets,  and  by  the 
envelopes  of  their  nuclei,  the  shrinking  of  theii  nuclei  as  they 
approach  the  sun,  and  vic«  vend,  as  well  as  the  diminution  of  period 
presented  by  some  of  Ihem,  can  be  esplained  on  the  probable  sup- 
position that  a  comet  is  a  mere  cloud  of  small  masses,  such  as 
stones  and  fn^ments  of  meteoric  iron,  shining  by  reflected  light 
alone,  except  where  these  masses  impinge  on  one  another,  or  on 
other  matter  circulating  round  the  sun,  and  thus  produce  Inminons 
gases,  along  with  considerable  modifications  of  their  relative  motion. 
Thus  the  gaseous  spectrum  of  the  nucleus  is  assigned  to  the  same 
impacts  which  throw  out  from  the  ranks  those  masses  which  form 
the  tail. 

Some  of  the  most  wonderful  of  the  singular  phenomena  pre- 
sented by  comets,  such  as  the  almost  nudden  development  of  tails 
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of  many  millioiiB  of  miles  in  length,  the  oocnrrenca  of  comets  with 
many  taila,  and  the  observed  fact  that  there  is  no  definite  relation 
of  dirootion  between  a  comet's  tail  and  its  solar  radins-vector,  are 
here  looked  upon  as  due  to  the  differences  of  motion  of  these  dis- 
crete fragments  relatively  to  the  earth,  in  a  manner  somewhat 
analagons  to  the  appearances  presented  by  a  distant  fiock  of  sea- 
Inrds  flying  in  nearly  one  plane,  and  only  becoming  visible  (as  a 
long  streak)  when  the  plane  of  the  flock  passes  approximately 
throngh  the  spectator's  eye.  The  so-called  envelopes  are  compared 
with  the  carions  phenomena  presented  hy  tobscco-smoke  (which 
seems,  however,  to  be  emitted  in  a  Form  apparently  resembling  thin 
eontifmtm*  fllms  of  small  particles  of  carbon),  and  the  so-called 
"  gaseoQB  jets,"  which  appear  to  be  projected  from  the  nnclens 
and  to  be  repelled  from  the  son,  are  not  difficult  of  explanation 
from  the  general  point  of  view  here  taken. 

The  investigations  are  mainly  condnoted  by  qaatemions,  and 
show  Low  a  gronp  of  discrete  masses,  so  small  that  their  mutnal 
perturbations  are  not  of  great  moment,  except  in  the  case  of  actual 
impact,  gradually  changes  its  form  as  it  revolves  about  the  sun ; 
independently  of  any  hypothesis  as  to  the  cause  (plfmetaiy  attntc- 
tioD  01  otherwise)  by  which  it  was  first  introduced  into  the  solu 
system. 

The  author  had  some  hesitation  in  bringing  forward  this  paper, 
as  he  did  not  know  how  far  Schiaparelli,  whose  recent  discoveries 
have  been  so  very  novel  and  remarkable,  had  carried  his  investiga- 
tions. The  ideas  here  brought  forward  bad  occurred  to  him  imme- 
diately on  his  being  made  aware  (more  than  two  years  ago)  of  the 
identity  of  the  orbits  of  the  August  meteorites  and  of  Comet  IL, 
1862 :  but  they  seemed  so  obviously  to  follow  from  that  identity 
that  it  was  only  on  reading  Dr  Tyndall's  recent  specnlations,  which 
seem  to  have  heen  well  received ;  and  on  being  informed  hy  Fro- 
fesBor  Newton  (of  Yale  CoU.  U.S.A.)  that  the  questions  of  tails, 
envelopes,  and  "  gaseous  jets  "  had  been  treated  by  Sofaiapaielli 
as  proving  the  existence  of  a  repulsive  force  (sncfa  as  seems  to  have 
been  admitted  by  Beesel  and  others,  who  observed  Halley's  comet 
on  the  occasion  of  its  last  return),  that  he  ventured  to  produce  to 
the  Society  an  explanation  eo  apparently  simple,  yet  so  inconsistent 
with  what  appears  to  be  held  by  the  minority  of  astronomets.     The 
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mathematical  part  of  the  necessary  ioTestigations  coald  hardly  have 
been  made  so  simple  and  yet  comprehensive  as  it  now  is  hod 
quaternions  not  been  employed. 

3.  Hegtsl  and  the  Metaphysics  of  the  Fluxional  Calculus.  By 
W.  E.  ymitb,  Esq.     Communicated  hy  Professor  Tail. 

,  {Abstract.) 
The  object  of  this  paper  is  to  consider  the  mathematical  valne 
of  Hegel's  discusaion  of  the  flaxional  caloultiB.  This  diacnasiou, 
aa  contained  in  several  notes  in  the  "  Logik,"  professes  to  evolve 
the  tme  principle  of  the  calculus  in  a  form  free  from  the  inoon- 
sistescies  of  the  usual  processes,  and  to  show  how  this  principle 
may  be  rendered  nseful  in  the  solution  of  problems.  To  dear  the 
way  for  this  new  theory,  Hegel  engages  in  a  sharp  polemic  against 
the  expositiona  of  several  parte  of  the  calculus  given  by  Newton 
and  others. 

As  these  strictures  on  Newton  have,  at  least  in  part,  been  re- 
ceived with  great  satisfaction  by  metaphysicians,  the  paper  seeks 
first  to  show  that  the  notion  on  which  Newton  based  his  doctrine 
of  fluxions,  viz.,  the  generation  of  magnitudes  by  continuona 
motion  at  definite  (but  not  necessarily  constant)  velocity,  really 
has  a  place  in  nature.  If  we  remember  that  Newton  always  views 
fluxions  as  a  method  belonging  to  physics  (kinematics),  we  shall 
find  the  whole  developments  of  his  calcnlns  to  be  thoroughly  con- 
sistent and  simple.  It  is  shown,  however,  that  Hegel,  while  be 
professes  to  approve  of  Newton's  fundamental  notions,  has  so  com- 
pletely misunderstood  the  whole  method  as  to  propose  to  eliminate 
as  inessential  the  conceptions  of  movement  and  velocity,  and  then 
to  blame  Newton  for  attempting  to  use  the  calculus  to  do  work  for 
which  it  is  fitted  just  because  it  is  based  on  the  notion  of  continuous 
movement  Not  only  does  it  appear  that  Hegel  has  failed  to 
appreciate  Newton's  general  principle,  he  seems  also  to  have  quite 
failed  to  understand  what  mathematicians  mean  by  a  limit.  His 
strictures  on  the  doctrine  of  limits  are  in  no  sense  directed  against 
any  tenet  of  mathematicians,  but  only  agunst  certain  d)surdities 
which  be  supposes  mathematicians  to  hold.  This  especially  appears 
in  his  inability  to  understand  what  is  meant  by  the  evaluation  of  a 
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function  which  takes  tbe  form  %;  but  the  moflt  interesting  poiDt  in 
the  details  of  this  put  of  Hegel's  work  is  his  criticism  of  Frincip.  ii. 
lem.  2.  Hegel  accases  Newton  of  an  error  in  elementarjr  algebra, 
but  in  reality  Newton's  work  is  strictly  accurate,  and  Hegel  has 
merely  failed  to  see  the  point  of  the  problem.  Hegel's  own  views 
of  the  calculus  were  got  from  Lagrange,  whose  treatise,  witb  all  its 
analytical  skill,  is  yet  a  fruit  of  the  very  An/kldrung  which  in 
other  matters  Hegel  especially  opposes.  Mistaking  the  abstract 
formalism  of  Lagrange's  intrinsically  erroneous  and  now  quite 
abandoned  method  for  saperioi  generality,  Hegel  still  thinks  it 
possible  to  reject  certain  incumbrances  that  cling  to  Lagrange, 
and  which  are  in  fact  inevitable  conceesions  to  tbe  phytieal  view 
of  the  calculus,  without  which  tbe  method  could  have  no  value. 

Absolutely  identifying  analytical  witb  algebraical  method,  and 
thus  freed  from  all  the  difSculties  about  continuity  which  occur  in 
the  ordinary  processes  of  algebra,  Hegel,  of  course,  cannot  appre- 
ciate these  parts  of  Lagrange's  work.  He  gives  a  simplified  theory, 
and  applies  it,  among  other  things,  to  the  problem  of  drawing 
tangents,  Hegel  professes  to  deduce  tbe  correct  role,  but  he  does 
so  only  by  adopting  an  utterly  false  definition  of  a  tangent,  whicb, 
in  fact,  gives  an  infinite  number  of  tangents  at  every  point  of  a 
curve.  In  short,  in  this  and  other  cases,  Hegel  makes  errors  of  a 
mathematical  character  sufficient  to  show  that  his  knowledge  of 
the  calculus  was  absolutely  worthless. 

4.  Od  the  ConnectioQ  between  Chemical  Constitntion  and 
Physiological  Action : — On  the  Phjeiological  Action  of 
the  Salts  of  Ammonia,  of  Tri-methylamiDe,  and  of  Tetra- 
methyl-ammoninm ;  of  the  Salts  of  Tropia,  and  of  the 
Ammonium  Bases  derived  from  it ;  and  of  Tropic,  Atropic, 
and  laatropic  Acids  and  their  Salt«.  With  further  details 
on  the  Physiological  Action  of  the  Salts  of  Methyl- 
Strychnium  and  of  Etliyl.^trychnium,  By  Professor  A. 
Crura  Brown  and  Dr  Thomas  K  Fraser. 

(Abstract.) 
In  papers  which  tbe  authors  have  already  communicated  to  this 

Society,  thej  have  shown  that  there  exists  a  very  marked  difference 
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between  the  action  of  basee  contaiaing  nitrogen  as  a  triad  and 
those  in  which  that  element  ie  pentad.  This  result  was  ohtained 
from  an  examination  of  the  physiological  actios  of  Hnhstances 
having  an  nnknown  and  complex  constitution.  It  appeared  to  be 
necessary  to  institute  a  eeries  of  experiments  with  bodies  having  a 
simpler  and  fully  known  constitution.  For  this  purpose,  the  salts 
of  ammonia,  trt-methylamine,  and  tetra- methyl- ammonium  were 
selected.  A  comparison  of  the  structural  formule  of  the  hydro- 
chlorates  of  these  bases  shows  that  tri-m  ethyl  amine  stands  in  the 
same  relation  to  the  salts  of  tetra-methyl-ammonium  aa  slrjchnia 
to  the  salts  of  methyl- strychnium. 

The  iodide  of  tetra-m ethyl  ammonium  was  prepared  by  mixing  ■ 
iodide  of  methyl  with  an  excess  of  ammonia  dissolved  in  alcohol, 
and  reorystallising  the  crystalline  precipitate  from  hot  water. 
From  the  iodide  the  hydrate  was  ohtained  by  the  action  of  oxide 
of  silver;  and  by  distilling  the  hydrate  and  conducting  the  vapours 
into  hydrochloric  acid,  the  bydrochlorate  of  tri-methylamine  was 
obtained. 

In  their  general  physiological  effects  these  substances  very  closely 
resemble  each  other.  The  most  obvious  symptoms  which  tbey 
produce  are  paralysis  and  slight  mnaoular  spasm  ;  and  when  these 
symptoms  wete  carefully  analysed,  by  restricting  the  poisonous 
action  to  certain  defined  regions  in  frogs,  it  was  ascertained  that 
they  are  caused  mainly  by  a  direct  acCiou  on  the  cerebro- spinal 
nervous  system  and  on  striated  muscles.  When  large  doses  are 
given,  the  functional  activity  of  these  structures  is  first  impaired 
and  then  deetroyed ;  but  during  the  stage  of  impairment,  a  slight 
degree  of  spasmodic  action  is  produced,  which  may  probably  be 
referred,  in  frogs,  to  the  stage  of  irritation  which  precedes  the  final 
action  of  the  majority  of  muscular  poisons,  and,  in  mammals,  to  this 
action,  aided  by  changes  in  the  vascular  condition  of  the  central 
nerve  organs,  due  to  an  influence  on  non-striated  muscles. 

The  physiological  effects  of  chloride  of  ammonium  and  of  hydro- 
chlorate  of  tri-methylamine  were  found  to  be  extremely  similar, 
both  in  degree  and  in  kind,  and  to  differ,  in  several  important 
respects,  from  those  of  iodide  of  tetra-m  ethyl-ammonium.  The 
two  former  substances  are  comparatively  feeble  in  their  action ;  the 
latter  is  a  poison  of  considerable  energy.    Chloride  of  ammonium 
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and  hydrochlorate  of  tri-methylamme  develop  their  full  effects 
slnggiehly ;  but  the  different  Btractnies  which  they  inflneDce  have 
their  activity  destroyed  neuly  BimultaDeonsly,  so  that  it  ia  a 
matter  of  conBiderable  difSculty  to  ascertain  whether  the  mnsclea 
are  paralysed  before  the  motor  nerves,  or  the  latter  before  the 
sensory,  or  whether  the  nervo-tmnks  or  periphery  are  first  afTected. 
Iodide  of  tetra-methyl -ammonium,  however,  very  rapidly  destroys 
the  conductivity  of  the  motor  nerves  by  an  action  on  their  peri- 
pheral terminationB,  and  an  interval  of  several  hooTs  may  elapse 
before  its  other  effects  are  ftlly  devebped. 

While  the  change  of  physiol(^cal  action,  produced  by  the  addi- 
tion of  iodide  of  methyl  to  tri-metbylamine,  differs  In  some  respects 
from  that  produced  by  the  performance  of  the  same  operation  upon 
strychnia,  the  obBervations  now  communicated  tend  to  confirm  the 
conclusion  drawn  from  the  previous  experiments  of  the  suthoTS, 
that  paralysis  of  the  peripheral  terminations  of  motor  nerves  is  a 
characteristic  effect  of  the  salts  of  the  ammonium  bases. 

The  decomposition  of  atropta  by  means  of  acids  and  bases  has 
lately  been  completely  studied  by  Eraut*  and  by  Lossen.f  It 
appeared  of  interest  to  examine  the  physiological  actions  of  the  pro- 
ducts of  this  decomposition,  and  to  compEue  them  with  that  of 
atropia.    The  reaction  may  be  expressed  by  the  equation^ 

C„H^O.  +  H,0  =  C,H,„0,  +  C^„NO 
Atropia.  Water,  Tropic  acid.  Tropia. 
The  tropic  acid  is  further  changed  by  loss  of  water  into  two 
isomeric  acids,  atropio  and  isatropic  (C^O,),  the  former  being 
produced  most  abundantly  in  the  presence  of  alkalies,  and  the 
latter  in  the  presence  of  acids.  These  substances  were  prepared  by 
the  methods  given  byKraot  andby  Loeaen;  and,  on  account  of  the 
readiness  with  which  the  acids  pass  by  oxidisation  into  formic  and 
a  toluic  acids,  the  action  of  the  latter  acid,  prepared  by  the  method 
which  one  of  the  authors  communicated  to  this  Society  some  years 
AgOit  v^  i^^  examined. 

Each  of  these  substances  has  been  examined  by  the  authors,  and 
it  was  found  that  none  of  them  possesaes  the  well-known  dilating 

■  Anualen  der  Chem.  u.  Pttum.,  cxiviii.  280 ;  oxxxiii.  87 ;  cilTJii.  238. 

t  Ibid,  cxxzi.  4S;  cxxiTJii.  280. 

t  ProcBed.  Boy.  Boc.  Edin.  v  pp.  409, 4e&. 
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BcttoD  of  atropift  on  the  pupil.  The  experiments  were  made  with 
the  hydiochlorate  of  tropia  and  with  soda  ealts  of  each  of  the 
acids.  Although,  however,  tropia  differs  eo  strikingly  from  atiopia 
Id  being  qoite  unable  to  influence  the  pupil,  it  resembles  it  in 
BOme  of  its  other  physiological  effects.  Like  atropia,  it  is  a  power- 
ful paralysing  f^nt,  and  it  produces  paralysis  in  very  much  the 
same  way  as  atropia  does.  In  virtue  of  this  action,  tropia  is  an 
active  poison. 

Apart  from  the  immediate  object  of  these  researches,  some 
interest  is  attached  to  this  portion  of  the  investigation  on  account 
of  its  bearing  on  practical  therapeutics.  It  has  been  shown  by 
Professor  Garrod,  that  when  small  quantities  of  caustic  potash  or 
Boda  are  added  to  solutions  of  hyoscyamus,  stramonium,  belladonna, 
or  atropia,  the  activity  of  these  substances  appears  to  be  destroyed.* 
More  recently,  Dr  John  Harley,  of  London,  has  pointed  out  that 
the  same  effect  is  produced  by  caustic  lime  and  by  ammonia.f 
This  conclusion  was  arrived  at,  principally,  by  observing  that  the 
pupil  was  not  affected  by  preparations  to  which  they  had  pre- 
viously added  one  or  other  of  these  alkalies.  The  decompositiou  ' 
effected  by  potash,  soda,  lime,  and  ammonia,  is  the  same  as  that 
which  the  authors  have  described;  and  by  an  examination  of  the 
separate  products  of  this  decomposition  they  are  enabled  to  confirm 
the  observation  of  Drs  Garrod  and  Harley,  and  to  odd  to  it  the 
additional  fact  that  the  products  of  this  decompositioD  are  not 
altogether  inert, 

The  laat  portion  of  this  paper,  to  which  the  authors  think  it 
advisable  to  draw  attention,  ie  that  in  which  they  describe  some 
experiments  with  the  salts  of  methyl-  and  of  ethyl -stryohuinm, 
which  were  performed  subsequently  to  their  first  communication. 
These  additional  experiments  were  made  with  the  view  to  establish 
beyond  the  possibility  of  doubt,  the  truth  of  their  statement,  that 
these  anhstances  act  as  simple  paralysers  of  motor  nerves.  In  a 
paper  recently  communicated  to  the  French  Academy  of  Sciences, 
two  able  ohservers,  Messrs  Jolyet  and  Cahours,  have  confirmed  the 
result  that  these  suhstanceB  possess  an  action  analogous  to  that  of 
wourali  (curara);    but  they  have,  besides,  observed  symptoms  which 

*  Medico-CliiriirgicoJ  Transuctioiie,  vol,  ili.  1658,  p.  b3. 
t  The  Old  Vegelttble  Neurotica.  1869,  p.  211. 
vou  VI.  4i»^-. 
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induce  tbem  to  believe  that  thie  aDology  ie  not  a  vei;  perfect  one, 
as  the  methyl-  and  ethyl-derivatives  of  strychnia  seem  to  retain 
a  certain  degree  of  the  characteristic  convalsant  action  of  strychnia.  "* 
They  found  their  opinion  on  the  appearance  of  tetanic  spasms  in 
the  limb  of  a  frog,  whose  vessels  had  been  ligatured  before  the 
poisoning,  and  on  the  prodaction  of  coexisting  paralysis  and  con- 
vulsions in  mammalB  poisoned  by  these  substancea.  Both  of  tbese 
effects  are  obviously  explainable  by  the  presence  of  a  minute  trace 
of  strychnia.  In  the  case  of  the  frog  with  the  vessels  of  one 
limb  tied,  the  methyl-  or  ethyl-strychninm  salt  paralysed  alt  tbe 
motor  nerves  to  which  it  had  access ;  but  as  strychnia  was  also 
administered,  hy  accident,  the  excitability  of  the  spinal  cord  was 
exaggerated,  and  tetanic  spasms  therefore  occuneil  in  the  non- 
poisoned  limb — its  motor  and  sensory  nerves  being  protected  from 
the  paralysing  action  of  the  methyl-  or  ethyl -derivative.  The 
appearance  of  atrycbnic  effects  in  mammals  may  likewise  be  ex- 
plained by  the  presenoe  of  strychnia.  One  of  the  authors  has 
shown,  in  a  paper  commnnicated  to  this  Society,  that  when  a  suf- 
ficient doee  of  a  sufastaiice  that  paralyses  the  terminations  of  motor 
nerves  is  adminietered  to  a  frog  along  with  a  certain  proportion  of 
one  that  stimulates  the  spinal  cord,  the  symptoms  are  thoBO  of 
paralysis  alone;  but  when  this  combination  is  administered,  in  the 
same  relative  proportions,  to  a  mammal,  the  symptoms  are  tboseof 
paralysis  coexisting  with  convulsionB.f  This  result  is  sufficient  to 
account  for  the  different  symptoms  observed  by  Messrs  Jolyet  and 
Cahours  on  frogs  and  on  mammals,  on  tbe  supposition  that  the 
methyl-  and  ethyl-strychninm  salts  they  employed  contained 
strycboia. 

The  authors  have  made  a  number  of  experiments  which  support 
this  supposition..  Several  speoimeoB  of  these  salts,  prepared  by 
them,  were  found  to  produce  snob  complicated  effects  as  the  French 
physiologists  describe;  but  by  carefully  treating  them  a  second 
time  with  iodide  of  methyl  or  of  ethyl  they  Bucceeded  in  removing 
the  couvulsant  action.  They  have  also  treated  a  specimen  of  iodide 
of  ethyl-strycbnium  that  produced  strychnic  effects,  with  iodide  of 
methyl,  and  thus  obtained  a  substance  whose  action  was  a  purely 
•  OampteB  Hendus,  Not.  2,  1868,  p.  904. 
\  Procead.  Bo;.  Soc.  Edin.  vol.  vi.  p.  434. 


nigti/coavGoOglc 


ny  Google 


nvGooglc 


ny  Google 


ny  Google 


of  Edinburgh,  Session  1868-69.  561 

paralf  aiiig  one.  Tbey  have,  besideB,  added  minute  qnaotities  of 
strychoia  to  apecimeDS  of  salts  of  methyl  and  of  etbyl-BtTychnium 
of  perfect  purity,  and  they  found  that  the  efTecte  which  weie  then 
produced  were  exactly  the  same  as  those  described  by  MessTs  Jolyet 
aad  Gahoors.  The  correctneae  of  the  Btatementa  previously  com- 
municated to  this  Society  by  the  authors  was  thus  established  in 
the  most  undoubted  manner. 

In  their  first  experiments  with  these  strychnia  derivatives,  and 
especially  with  that  formed  by  iodide  of  ethyl,  the  authors  obtained 
results  similar  to  those  described  by  Messrs  Jolyet  and  GahDurB^ 
and  they  have  been  induced  to  enter  thus  fully  into  the  subject 
from  the  knowledge,  gained  by  their  experience,  of  the  importance 
us  well  as  of  the  difficulty  of  obtaining  these  bodies  in  a  state  of 
absolute  purity.  This  is  apparent  if  it  be  recollected  that  the 
presence  of  O'l  pet  cent,  of  strychnia  is  sufBcient  to  vitiate  the 
results  of  each  experiments.  It  was  only  after  the  authors  had 
adopted  precautions,  which  seemed  at  first  to  he  perfectly  unneces- 
sary, that  they  succeeded  in  eliminating  this  source  of  error,  and  in 
obtaining  their  substances  in  a  stat«  of  phyiiological  purity. 

The  following  Grentleman  was  elected  a  Fellow  of  the 

Society  :— 

Hobsrt  Hbnbv  Bow,  Esq.,  C.E. 


Monday,  31s(  May  1869. 
De  OHitlSTISON,  Preeident,  in  the  Chair. 
The  following  Communications  were  read : — 

1.  Od  the  Annual  Bange  of  Temperature  over  the  Globe. 

By  Mr  Keith  Johnston,  jun.     Communicated  by  Mr 

Buchan,  Secretary  of  the  Scottish  Meteorological  Society. 

(With  a  Plate.) 

The  subject  of  range  of  temperature  has  been  divided  by  meteor- 
ologists into  the  two  main  beads  of  Diurnal  and  Annual  range, 
the  former  being  measured  hy  the  variation  of  temperature  between 
the  warmest  and  coldest  hours  of  the  day,  the  latter  by  the  difler- 
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eoce  of  temperatare  between  the  wannest  und  coldest  months  of 
the  year. 

For  a  study  of  diurnal  range  we  should  require  a  series  of  ob- 
serTations  for  every  bonr  of  the  day  aod  night  from  all  parts  of  the 
earth,  and  the  places  where  such  laborious  obseirations  have  been 
made  are  as  yet  very  few ;  but  the  returns  of  daily  and  monthly 
temperatures  now  obtainable  from  all  countries  are  sutGcient  for  a 
tolerably  complete  study  of  the  simpler  bead  of  annual  ran^. 

It  ia  believed  that  the  subject  of  annual  range  has  never  before 
been  systematically  worked  out  for  any  large  portion  of  the  earth's 
surface,  though  its  general  conditions  may  have  been  recognised 
from  the  comparison  of  a  few  isolated  points. 

In  preparing  the  charts  of  annual  range  now  shown,  it  was  first 
assumed  that  the  months  of  January  and  July  are  respectively  the 
coldest  and  warmest  months  of  the  uorthem,  and  the  warmest  and 
coldest  months  of  the  southern  hemisphere.  This  proves  to  be  the 
case,  with  few  exceptions,  in  all  parts  of  the  earth,  excepting  those 
near  the  equator,  which  have  two  maxima  and  minima;  but  the 
annual  range  of  temperature  in  these  regions  is  bo  very  small,  that 
the  difference  between  the  temperatures  of  January  and  July  may 
be  taken  as  the  measure  for  every  part  of  the  earth  where  range  is 
considerable.  January  and  July  temperatures  were  then  collected 
from  all  available  sources,  and  their  differences  being  taken,  the 
annual  range  of  twelve  hundred  places  in  all  countries  was  ob- 
tained. These  figures  were  then  set  down  on  maps,  on  the  positions 
of  the  places  of  observation,  and  lines  were  drawn  through  those 
which  have  an  equal  range,  at  intervals  of  ten  degrees  of  increase,* 
thus  presenting  the  subject  in  a  graphic  form.  The  places  of 
observation  in  Europe  are  so  numerous  as  t^  enable  the  linee  to  be 
laid  down  there  with  almost  absolute  precision.  Then  the  collection 
of  temperatures  throughout  the  United  States,  Uexico,  and  the 
West  Indies  by  Laurin  Blodget,  the  returns  from  Canada  and  the 
Forts  of  the  Hudson  Bay  Company,  observations  for  a  long  series 
of  yean  at  the  Danish  stations  in  Western  Greenland,  and  the 

*  tn  the  reduced  cbart  which  accompaniea  this  paper  the  lines  of  10,  80, 
SO,  70,  and  00  degrees  of  range  hare,  for  the  B&ke  of  cle&mesa,  been  omitted. 
but  the  cooree  of  theae  intermediate  linea  maj  perhaps  b?  traced  from  Ibp 
description  which  folloTS. 
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numerous  registers  of  temperature  kept  id  veBBels  exploring  the 
north-west  passage,  complete  the-  lines  for  North  America.  In 
Asia  the  observatione  made  at  Ruesian  government  stations  in 
Siberia  in  the  north,  at  the  ports  of  China  and  Japan  on  the  esst, 
at  the  Dutch  Colonies  in  the  East  Indies,  and  in  British  India  on 
the  south,  give  the  direction  of  these  lines  with  certainty.  For 
Africa  we  have  the  returns  of  numerous  French  stations  in  Algeria 
and  Marocco,  from  Egypt,  from  the  colonies  on  the  Guinea  Coast, 
from  Cape  Colony  and  Natal  on  the  sontb,  and  a  few  checking 
points  from  the  observations  of  travellers  in  Central  Africa  and 
Abyssinia.  In  South  America  the  ascertained  points  are  fewest; 
but  observations  made  at  the  ports  on  hoth  sides  of  the  continent, 
from  Panama  to  Patagonia,  those  of  Boss  in  the  Falkland  Islands, 
a  collection  of  temperatures  in  the  Argentine  Confederation  given 
in  the  work  on  that  country  by  M,  Maitin  de  Mousey,  along  with 
a  few  isolated  points  in  Srazii,  enable  the  range  lines  to  he  drawn 
hero  also  with  confidence.  Lastly,  for  the  coasts  and  south-eastern 
part  of  the  interior  of  Australia,  and  for  New  Zealand,  we  have  a 
large  number  of  observations  made  chiefly  by  the  Colonial  CoTem- 
ment.  On  the  chaits  shown  the  parts  of  the  earth's  surface  which 
have  a  la»  annual  range  than  40°  have  been  tinted  in  rtd,  the 
strength  of  the  colour  increasing  as  the  range  diminishes;  and 
those  regions  which  have  a  greater  range  than  40°  in  hlue,  the  depth 
of  colour  increasing  with  the  range. 

At  the  point  where  January  and  July,  the  coldebt  and  warmest 
months  of  the  northern  hemisphere,  turn  to  January,  the  warmest, 
and  July,  the  coldest  month  of  the  southern  hemisphere,  we  find  a 
line  passing  round  the  globe  on  which  there  is  no  difference  be- 
tween the  temperatures  of  these  two  months. 

Starting  from  the  first  meridian  we  find  this  zero  line  passing 
along  the  Guinea  Coast  of  Africa,  through  the  centre  of  that  con- 
tinent, bent  northwards  by  the  table  land  of  Abyssinia,  and  again 
by  the  Indian  Ocean,  entering  India  below  Bombay  and  running 
cnriously  down  the  line  of  the  Western  Ghauts  to  Cape  Comorin ; 
then  by  the  south  of  Sumatra  through  Java  to  New  Caledonia, 
and  across  the  Pacific  between  the  parallels  of  10°  and  20°  south 
latitude  to  the  South  American  Coast,  which  it  meets  between  lati- 
tude 5°  and  10°  south.     Now  it  passes  northwardly  along  the  line 
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of  the  Andes  to  Quito,  and  cnrrea  round  the  vhole  north  const  of 
South  America  to  beyond  the  month  of  the  Amazon,  then  dotni 
into  the  South  Atlantic  to  include  the  island  of  ABceneion,  which 
lias  a  northerly  range,  &iid  again  northwards  to  the  20th  parallel 
of  north  latitude,  where  it  enters  the  African  continent.  It  is 
observed  that  this  zero  line  is  very  far  from  coincident  with  the 
mathematical  equator  of  the  globe,  and  that  the  parte  of  it  which 
pass  through  the  great  land  masses  are  in  the  northern  hemiephere, 
in  Africa,  India,  and  South  America,  whilst  those  which  pase 
through  the  Atlantic  and  Pacific  Oceans  are  carried  far  into  the 
southern  hemisphere. 

The  line  of  10°  of  range  in  the  northern  hemisphere  passes 
tbrongh  the  centre  of  North  Africa  above  Lake  Tchad,  is  carried 
to  the  north  by  the  influence  of  the  Bed  Sea  to  beyond  Dj'edda  on 
its  east  coast,  round  the  west  and  south  coasts  of  Arabia,  through 
Aden,  and  thence  to  India  near  the  Gulf  of  Cutch.  Here  it 
reaches  southward,  taking  the  form  of  the  peninsula,  to  beyond 
Madras,  then  crosses  the  Gnlf  of  Bengal  to  Further  India, 
passes  round  the  coast  of  Cochin  China  and  through  the  Philip- 
pine Islands  in  latitude  10°  north,  then  turning  to  the  north-east, 
keeps  in  this  direction  through  the  Pacific  till  it  enters  North 
America  above  the  parallel  of  40°  north  latitude ;  from  that  it 
turns  down  the  coast  of  California  to  near  the  south  of  Mexico  at 
Vera  Cruz,  through  the  West  Indies  just  to  the  northward  of  Cnba, 
and  across  the  Atlantic,  with  a  northerly  bend  towards  the  Azores, 
to  the  African  coast  in  latitude  25°  north. 

The  line  of  20°  range  in  the  northern  hemisphere  is  one  of  the 
most  interesting  of  all,  since  it  shows  in  the  most  marked  manner 
the  difference  of  range  between  the  west  and  east  coasts  of  the 
continents.  It  passes  through  North  Africa  and  Southern  Asia, 
carried  to  tbe  north  at  the  Red  Sea  and  Persian  Gulf,  leaves  the 
east  coast  of  Asia  at  Macao,  near  Hong-Eong,  in  15°  north  latitude, 
runs  well  into  the  Pacific,  keeping  away  from  the  Asiatic  coast,  and 
reaches  the  American  west  coast  in  latitude  55°  north,  or  40°  further 
to  the  north  than  where  it  left  the  Asiatic  coast,  then  it  turns 
south  to  Mexico,  across  tbe  north  of  the  Gulf  of  Mexico  to  Florida, 
leaves  the  east  coast  between  latitude  25°  and  30°  north,  then  into 
the  Atlantic  to  the  Bermudae,  after  which,  bending  due  nortb-eost, 
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it  reaches  as  far  or  Iceland,  atid  [lerhaps  Spitzbergen,  before  tura- 
ing  south  to  the  Norway  coast,  again  showing,  as  in  the  Pacific,  a 
difference  of  40°  in  latitude  between  the  same  range  on  an  east 
and  west  coast.  From  the  coast  of  Norway,  at  Stavauger,  this  line 
of  20°  range  dips  down  into  the  North  Sea,  then  rises  northwards 
along  the  coast  of  Scotland  to  Braemar  in  Aberdeenshire,  bends 
thence  to  the  west  and  south-west  to  between  Glasgow  and  Green- 
ock, then  down  the  west  coast  of  England  by  Liverpool  and  Chester, 
and  Pembroke  in  South  Wales,  to  Devonport  on  tlio  coast  of  Corn- 
wall, then  along  the  south  coast  to  the  Isle  of  Wight  and  the 
Channel  Islands,  thus  enclosing  the  main  part  of  Great  Britain 
with  a  greater  range  than  Ireland,  though  tbe  central  and  eastern 
parts  of  that  island  have  a  range  of  nearly  20°.  The  difference  of 
range  between  the  south-east  coast  of  England  and  the  west  coast 
of  Ireland  is  nearly  10°. 

The  line  of  20°  range  then  passes  along  the  west  coast  of  France 
and  Spain,  bending  completely  round  the  south-west  and  south 
coasts  of  the  peninsula,  through  Lisbon,  Cadiz,  and  Gibraltar  into 
the  Mediterranean,  where  it  seems  to  form  a  great  loop  ext«nding 
to  the  east  nearly  as  far  as  Alexandria  (21°  range),  touching  in  its 
retnm  at  Tunis,  Algiers,  and  Oran  in  North  Africa,  and  keeping 
along  this  coast  as  far  as  the  Atlantic  shores  of  Marocco,  where  it 
turns  into  the  interior  of  Afiica.- 

The  line  of  30°  range  runs  through  North  Africa,  Arabia,  and 
Southern  Asia  to  the  north  of  the  line  of  20°  range,  and  parallel  to 
it,  excepting  in  Northern  India,  where  it  forms  a  curious  bend 
round  the  high  mass  of  the  Himalaya  mountains,  which  appear  to 
have  a  less  range  than  is  observed  in  the  plain  to  the  south  of 
them.  Leaving  the  Asiatic  east  coast,  a  little  to  the  north  of 
Canton,  the  line  of  30°  range  passes  between  the  Loo-Choo  Islands 
and  Japan,  and  thence  north-easterly  to  the  American  coast,  which 
it  reaches  just  to  the  south  of  the  peninsula  of  Aliaska.  It  runs 
southward  along  the  west  American  coast,  close  to  the  line  of  20° 
range,  to  near  the  26tb  parallel  of  north  latitude  in  Uexico;  tLeu 
bending  round,  first  north  and  then  east,  fallows  along  tbe  coast  of 
the  Mexican  Gulf  and  through  the  Southern  States  to  Charleston 
on  the  east  coast ;  from  this  it  turns  north-east  and  north,  away 
from  the  east  coast,  but  in  its  general  direction,  till  it  reaches  land 
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agaia  at  QodthaaboD  the  west  coast  orGteenUnd;  theoce  the  Hue 
niue  to  the  north-weet  ot  Iceland,  and  probably  rouud  Spitzbet^en, 
tnms  tooth  agaio  to  the  coast  of  Norway  at  Hammerfest,  foliowa 
down  the  whole  west  coast  of  Greenland,  keeping  near  the  head  of 
the  uumerouB  fiords  with  which  its  coast  is  inteisected,  whilst  the 
line  of  20°  laoge  falls  just  at  their  mouths ;  through  the  Cattegat 
and  Eastern  Denmark,  leaving  Copenhagen  just  to  the  east  of  it ; 
then  following  still  the  general  direction  of  the  west  coast,  though 
inland  from  it,  runs  through  Brussels  and  Pans  to  the  south  of 
France.  Here  the  range  of  the  Pyrenees  seems  to  cause  a  break — 
the  greater  elevation  having  a  smaller  range — and  to  isolate  the 
portion  of  this  line  which  passes  round  the  Spanish  peninsula. 
This  separate  portion  of  the  line  passes  inland  round  the  east  and 
south  coasts  of  Spain,  but  close  to  the  north  and  vest  coasta 
Taking  up  the  main  line  again  at  Toulouse,  we  find  it  skirting  the 
Mediterranean  coasts  of  South  France  and  Western  Italy,  through 
Genoa,  Some,  and  Naples,  but  leaving  the  east  coast  of  Italy  to 
cross  the  Adriatic  to  Dalmatia.  A  second  small  isolated  part  of 
this  line  is  found  in  the  eastern  part  of  the  inland  of  Sicily,  where 
Catania,  on  the  east  coast  (on  an  average  of  sixty  years'  observa- 
tions), has  a  range  of  39°,  whilst  Palermo,  on  the  north-west  coast, 
has  but  25°.  From  the  Dalmatian  coast  the  main  line  of  30°  range 
turns  to  the  south-east  nearly  through  the  centre  of  Greece  and 
bends  slightly  north  again  in  the  ^gean  to  near  Smyrna.  A  tbinl 
isolated  portion  of  this  line  is  found  in  the  south-east  of  the  Black 
Sea,  passing  round  Trebizond  and  along  the  coast  of  Caucasia. 
From  the  ^gean  we  find  this  line  running  through  Cyprus  to 
Syria,  near  Beyrout  and  Jerusalem,  then  turning  west  through  the 
isthmus  of  Suez,  just  south  of  Cairo,  and  all  along  the  north  of 
Africa,  not  far  inland  from  the  coast,  numerous  observations  in 
Algeria,  showing  that  its  average  distance  from  the  sea,  in  that 
couniry,  is  not  more  than  20  miles.  On  approaching  the  west 
coast  it  bends  first  south  and  then  east  into  the  centre  of  Korth 
Africa. 

At  40°  of  range  the  lines  begin  to  keep  to  the  land  masses — do 
part  of  the  open  ocean  in  any  part  of  the  glohe  having  a  range  of 
more  than  40°.  In  North  Africa  we  find  a  large  area  of  the  Sahara 
with  this  range,  where  the  north  part  of  the  line  40°  reaches  to 
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within  a  hundred  miles  of  the  Mediterranean  in  Algeria,  and 
extends  probably  south  to  the  20th  parallel  of  north  latitude. 
Taking  up  the  line  in  Asia,  we  find  it  passing  completely 
round  the  interior  of  Asia  Minor,  at  no  great  distance  from  its 
coasts,  then  through  Damascus  into  Atabia,  round  the  head  of  the 
PereiaD  G-ulf,  and  through  the  Punjab,  south  of  Peshawar,  to  the 
table-land  of  Tibet  and  the  coitst  of  China,  near  Sbanghae; 
thence  it  turns  north-east  through  the  Yellow  Sea  to  Hakodadi, 
in  tho  north  island  of  Japan,  along  the  line  of  islands  to  the  east 
coast  of  Eamtchatka,  near  Fetropaulovek,  across  the  Behring  Sea 
to  Aliaska;  thence  down  the  west  coast  of  America,  close  to  the 
lines  of  leas  range,  to  the  35th  parallel  of  north  latitude,  where  it 
turns  east  across  tho  continent  to  the  west  coast  at  Chesapeake 
Bay  ;  thence  it  skirts  the  coasts  of  Nova  Scotia,  touches  on  New- 
fonndland  at  St  John's,  and,  taking  a  northern  direction,  reaches 
the  G-reenland  coast  near  Dieco  Island.  Carried  south  by  the 
influence  of  G^reenland,  it  leaves  the  east  coast,  perhaps  in  the 
latitude  of  Iceland,  and  stretches  thence  probably  beyond  the 
North  Pole,  returning  to  the  islands  of  Noraia  Zemlia,  where 
observation  at  two  points  gives  a  range  of  only  39°,  From  this 
the  line  of  40°  range  keeps  near  the  north  coast  of  Bussia,  and 
passes  down  through  the  centre  of  the  Scandinavian  Peninsula, 
by  Christiana  and  Gottenburg  to  Stockholm,  is  carried  north- 
wards into  the  Gulf  of  Bothnia,  then  half  way  into  the  Gulf  of 
Finland  to  Helsingfors,  along  the  coasts  of  the  Baltic  provinces, 
and  southwards  through  central  Enrope  to  Vienna.  As  we  found 
the  chain  of  the  Pyrenees  breaking  the  line  of  30°  range,  so  here 
we  observe  that  the  range  of  the  Alps  isolates  the  part  of  this  line 
of  40°,  which  marks  out  the  plain  of  Northern  Italy.  Another 
separate  area,  of  above  40°  range,  is  observed  in  the  valley  of  the 
Ebro,  in  Noith-East  Spain,  and  the  heights  of  the  Carpathians  and 
Transylvanian  Alps  form  a  third  exceptional  portion  of  this  line, 
since,  though  within  the  main  line  of  40°,  they  have  a  slightly  less 
range.  From  Vienna  the  main  line  of  40°  passes  round  the  Hun- 
garian plain,  through  Turkey  to  the  north  of  the  Balkan  range, 
across  the  Black  Sea  south  of  the  Crimea,  into  Trans  Caucasia, 
nearly  as  far  as  Tifiis,  and  thence  bends  back  again  round  the  coasts 
of  Asia  Minor. 

VOT.  VI.  it 
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It  ia  doubtful  whether  an  area  of  an;  great  extent,  of  above  60^ 
of  range,  is  to  be  found  in  Northern  Africa,  though  one  observatioii 
would  seem  to  show  that  such  does  exist.  The  observed  range  at 
Biskra,  in  the  interior  of  Algeria,  is  54° ;  but  since  the  obserra- 
tions  at  that  station  baTS  nut  been  made  for  an;  considerable 
period,  no  weight  has  been  given  to  their  indication.  We  find  the 
line  of  50°  range  entering  Europe  at  the  north  of  \orway,  passing 
south  to  the  centre  of  the  Fenineula,  then  turning  east  to  the  coast 
at  Hernosand,  bent  north  by  the  Gulf  of  Bothnia  to  Carlo  or  tbe 
Finland  coast,  then  turning  south  inland  to  near  tbe  Gulf  of 
Finland,  and  again  carried  northward  by  the  influence  of  tbe 
great  Russian  lakes;  thence  it  passes  southward  midway  betweeo 
Moscow  and  St  Petersburg  to  near  tbe  north>weet  side  of  the  Black 
Sea,  where  it  turns  sharply  to  the  eastward  above  the  Black  Sea 
and  tbe  Sea  of  Azov,  and  along  the  northern  side  of  the  ridge  of 
the  Caucasus  to  the  Caapian.  Bound  this  aea  the  line  of  50°  range 
forms  a  loop  which  passes  through  tbe  north-western  part  of  tbe 
sea,  but  close  to  tbe  remaining  coasts,  back  to  tbe  south  slope  of 
the  Caucasus ;  thence  it  passes  westward  through  Erzerum  into 
the  interior  of  Asia  Minor,  curves  round,  and  reversing  its  coune, 
turns  back  into  Asia  through  Persia,  Tibet,  and  China  to  the 
eastern  coast  in  tbe  Yellow  Sea,  through  the  Corea,  Sagbalien 
Island,  and  Eamtchatka  to  the  American  coast  at  the  mouth  of 
the  Kwicbpak  Bivei  in  Alaska ;  thence  southward  into  the  interior 
of  the  continent  to  beyond  the  Great  Salt  Lake,  where  it  turns  to 
the  east  with  two  curious  bends,  and  is  carried  to  the  north  round 
the  coasts  of  tbe  great  American  lakes,  only  cutting  off  the  north- 
west coast  of  Lake  Superior  with  a  greater  range.  It  is  curious  to 
observe  that  the  three  greatest  inland  sea  and  lake  regions  in  the 
northern  hemisphere,  the  lakes  of  European  Bussia,  tbe  Caspian  Sea, 
and  the  American  lakes,  have  the  same  range  of  temperature ;  and 
that  Fort- William,  on  the  north-west  coast  of  Lake  Superior,  baa 
exactly  the  same  range  of  56°,  observed  at  Astrakhan  in  the  same 
relative  position  to  the  Caspian.  From  tbe  Canadian  side  of  the 
lakes  near  Ottawa,  the  line  of  50°  range  bends  south  into  the 
United  States  to  as  far  as  Albany  in  New  York,  then  north-eastward 
through  New  Brunswick  to  tbe  coast  of  IJabrador,  where  three 
stations  have  this   range.     Keeping  still   northwards,  it  paases 
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through  Davis  Strait  to  nearly  as  fur  north  on  the  West  Greenland 
coast  at  Upeniivik,  then  through  Greenland  and  ronni]  the  Arctic 
Ocean,  between  North  America  and  Asia  (Point  Barrow  on  the 
Arctic  coast  of  North  America  having  a  range  of  55°)  to  the  Asiatic 
coaet,  probably  near  the  mouth  of  the  Obi  river,  and  thence  along 
the  coast  to  the  north  of  Norway,  where  we  first  took  it  np. 

The  line  of  60°  range,  and  those  above  it,  are  confined  to  the 
Asiatic  and  American  Continents,  and  may  be  called  land  lines. 
Taking  np  the  line  of  60°  of  range  in  the  north  of  European  Bussia, 
we  observe  it  making  a  bend  to  the  north-west  round  the  town  of 
Eraenoiorsk  (which  has  a  range  of  65°^  back  again  eastward  to  the 
Ural  Mountains  beyond  Ufa,  then  forming  a  second  western  pm- 
jection  to  as  far  as  Kharkov,  on  the  north  of  the  Seaof  Azov,  then 
passing  back  round  the  east  side  of  the  Caspian  Sea,  and  sending 
out  a  narrow  tongnO'Iike  extension  tbrongh  Northern  Persia  and 
the  town  of  Ummiah  towards  Asia  Hinor,  then  returning  eastwards 
tbrongh  Central  Asia  to  the  south  of  the  town  of  Hi  in  Eastern 
Turkestan  (62°  range],  through  China,  with  a  probable  bend  to  the 
southward,  rising  again  to  near  Pekin  and  Tientsin,  tbrongh  Man- 
churia, near  its  coasts,  to  Port  Ayan  (60°),  on  the  Sea  of  Okhotsk ; 
thence  this  line  seems  to  pass  round  the  north~eastem  projection 
of  Asia,  and  to  turn  westward  through  the  Arctic  Ocean,  but  not 
far  from  the  land,  to  the  north  of  the  Ural  Chain,  where  it  enters 
Bussia. 

In  America,  taking  up  the  line  of  60°  range  at  Port-Clarence  on 
the  coast  of  Behiing  Strait,  we  find  it  passing  down  into  the  interior 
to  the  east  of  British  Columbia  as  far  as  Oregon,  then  following 
the  same  cnrves  as  the  line  of  50°  range  through  the  centre  of  the 
continent,  to  the  north  of  the  lakes,  and  bending  round  with  the 
coast  in  Eastern  Canada  and  Labrador,  northwards  through  Melville 
Peninsula  and  Baffin  Bay  to  Greenland  in  latitude  75°  north.  After 
passing  through  Greenland  it  most  probably  bends  backwards  alon^ 
its  north  coasts  and  those  of  the  islands  of  the  Arctic  Archtpelngo 
to  where  we  find  proofs  of  its  existence  in  the  westmost  of  these 
islands,  thence  to  the  north  coast  of  America,  along  which  it  passes 
sooth  from  Point  Batrow  to  Beliring  Strait. 

A  third  area,  which  we  find  mrronnded  by  a  line  of  60°  range,  is 
that  in  the  north-east  of  Nor^vay,  In  Lapland,  and  in  the  Kola 
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PeuiDiuls.  This  line  reaches  as  for  south  aa  Umea  on  the  eut 
coaat  of  the  QmU  of  Bothoia,  and  pasaes  just  to  the  west  of  Tornea, 
at  the  head  of  the  G^nlf ;  thence  across  to  the  White  Sea,  and 
embracing  the  Eola  Peninsula  and  the  coast  to  westward  of  the 
Waranger  Fiord,  to  where  it  enters  Norway. 

Beginning  at  Tobolsk  in  Siberia,  we  observe  the  line  of  70°  of 
range  turning  south-west  to  Orenburg  and  forming  a  western 
estenaion  into  European  ilussia,  north  of  the  Caspian  Sea,  as  far 
as  the  Volga;  thence  round  the  north  and  east  of  the  sea  of  Aral 
(where  Baimsk  has  a  range  of  69°),  and  probably  south  from  thia 
into  the  deserts  of  Western  Turkestan  to  tbe  latitude  of  the  south , 
of  the  Caspian  Sea;  thence  north-east  through  Barnaul  on  the  Obi 
to  the  north  of  Eiasnoiarsk  on  the  Yenisei  River  (which  has  a  range 
of  63°);  south  again  through  Irkutsk  on  the  west  side  of  Lake 
Baikal,  probably  to  the  northern  frontier  of  China-proper,  enclosing 
the  desert  of  Uoagolia ;  then  north-eastward,  taking  the  general 
direction  of  the  coast  to  near  Okhotsk  (66°  range).  Afterwards 
bending  round  parallel  with  the  line  of  60°  ruige  this  line  must 
keep  along  near  the  north  coast  of  Asia,  re-entering  the  land  at 
the  Obi  river  and  fallowing  along  tbe  east  side  of  the  Uial  chain 
t»  where  we  found  it  fiist,  at  Tobolsk. 

The  American  line  of  70°  range  passes  nearly  parallel  with  that 
of  60°  from  near  the  coast  at  Behring  Strait  into  the  continent  past 
the  south  end  of  Lake  Winnipeg,  and  thence  has  most  probably 
an  extention  into  the  mass  of  land  to  the  west  of  Labrador,  but 
avoiding  the  sea  till  it  returns  to  the  west  coast  of  Hudson  Bay, 
which  it  crosses  near  Fort-York ;  from  this  it  passes  north-east 
through  Southampton  Island  and  Boothia  to  where  Eane  wintered 
in  Smith  Sound,  probably  extends  thence  into  Greenland,  and 
turn's  back  from  there  to  Melville  Island  and  Banks  Land,  through 
^hi6h  it  passes  south-west  into  tlie  mainland  of  America.  A  small 
and  remarkable  area  in  the  north-east  of  Norway  has  also  a  range 
of  above  70°.  It  extends  from  Enontekis  (73°  range)  in  tbe  centre 
of  Lapland  on  the  south,  to  beyond  Wardii,  on  the  east  coast  of 
Norway,  which  latter  place  has  a  range  of  78°. 

From  Tara,  in  tbe  government  of  Tobolsk  in  Siberia,  tbe  Asiatic 
line  of  80°  range  passes  eastward  to  the  north  of  Lake  Baikal,  and 
then  south  between  that  lake  and  the  town  of  Chita,  which  has  • 


,  ..Cooglc 


0/ Edinburgh,  Seaaion  1868-69.  571 

range  85°,  probably  far  into  the  desert  of  llfongolia,  then  north- 
eastwardly parallel  with  the  lines  of  70°  and  60°  range,  but  farther 
inland  to  the  north  of  Nijnie  Eolymsk  (65°  range),  aod  along  the 
north  coast  westwardly  to  beyond  the  month  of  the  Lena,  where  it 
probably  re-enters  the  continent,  and  passes  soutli-west  through 
the  government  of  Tobolsk  to  Tara.  The  observing  atations  on 
the  chain  of  lakes  in  America  which  stretch  north-west  from  Lake 
Winnipeg,  have  all  a  less  range  than  80°  till  we  arrive  at  the  most 
northerly,  the  Great  Slave  lake,  whose  north  coast  at  Fort  Confi- 
dence has  this  range  ;  but  two  belts  of  conntry,  one  on  each  side  of 
this  lake-region,  appear  to  have  a  range  of  upwards  of  80°.  These 
two  belts  unite  at  the  north  of  the  Great  Slave  lake,  and  stretch 
out  thence  westwards  into  Alaska  territory,  and  eastward  as  far  as 
Victoria  Land  and  Boothia.  A  solitary  observation  of  93°  of  range, 
on  the  Tnkon  river  in  the  centre  of  Alaska  territory,  might  justify 
the  enclosing  of  a  small  area  in  that  region  as  having  a  range  of 
above  90°,  and  this  is  certainly  the  part  of  the  American  continent 
which  has  the  greatest  range. 

In  Asia,  the  area  which  has  a  greater  range  than  90°,  proba- 
bly extends  in  Siberia  from  the  Yenisei  river  on  the  west  to  the 
Stauovoi  range  of  mountains  in  the  east,  and  from  near  the  north 
coast  {where  at  Uat  Yansk  we  find  a  range  of  92°)  lo  the  Tablonoi 
range  in  the  sonth.  The  town  of  Chita  to  the  south  of  these 
monntuna  has  a  range  of  85°.  A  smaller  area  in  the  interior  of 
this  one  must  be  surrouuded  by  a  line  of  100°  of  range.  Near  the 
centre  of  this  terrible  region  is  Yakutsk,  the  point  of  the  earth's 
surface  which  has  the  greatest  range  of  temperature,  whose  climate 
undergoes  a  change  between  the  months  of  January  and  July  of 
the  fearful  amount  of  106  degrees. 

Ib  the  Southern  Hemisphere  of  range,  the  line  of  10°  eeems  to 
enter  North  Africa  on  the  west  coast  not  far  north  of  Cape  Colony,  and 
to  extend  northwards  into  the  centre  of  the  continent  to  the  north 
of  the  eqnator  at  Crondokoro  on  the  Nile  (whose  January  tempera- 
ture is  11°  above  that  of  July),  with  a  further  extension  towards 
the  plateau  of  Abyssinia,  since  obseTvations  made  by  the  traveller 
Bruce  at  Gondar  give  the  January  temperature  at  that  place  8° 
above  that  of  July.     From  this  the  line  of  10°  of  range  aeema  to 
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keep  due  Bouth,  through  Tete  on  the  ZttDbeu  to  where  it  craases 
the  east  coast  in  Natal ;  thence  it  passes  over  the  Indian  Ocean, 
with  ft  slight  bend  to  the  northward  south  of  the  ialands  of  St 
Denis  and  Bourbon,  both  of  which  hare  a  range  of  8°,  to  the  south 
coast  of  Anstralia  at  Adelaide  ;  from  this,  turning  westward  again, 
it  mns  along  the  south  and  west  coasts,  till,  entering  the  latter  coast 
about  latitude  20°  south,  it  crosses  the  north  of  the  continent  below 
the  Gulf  of  Carpentaria  into  the  PociGc,  parses  thence  between 
New  Caledonia  and  New  Zealand,  acraes  the  FaciGo  to  the  coast  of 
South  America  southward  of  Valparaiso  (9°  range) ;  thence  it  mns 
northwardly  along  the  west  coast  of  the  continent  to  near  Lima  in 
latitude  12°  south,  bends  up  into  the  interior  of  the  country,  and 
crosses  it  in  a  genera)  south-east  direction  to  the  east  coast  on  the 
north  of  Bio  de  Janeiro  (13°  range),  and  finally  passes  over  the 
Atlantic  south-eastward ly  to  Africa. 

The  line  of  20°  range  in  the  soutbem  hemisphere  is  divided  into 
three  parts.  The  coasts  of  South  Africa  have  nowhere  an  ohserred 
range  of  more  than  16°;  but  in  the  interior  an  area  showing  slightly 
more  thun  20^  of  range  extdods  from  near  the  coasts  of  Gape 
Colony  inland  to  perhaps  10°  or  15°  south  latitude.  Within 
Australia  a  line  of  20°  range  passes  from  near  Perth  in  Western 
Australia  along  the  south  coast,  then  close  to  the  east  coast 
{Brisbane  and  Newcastle  showing  20°  and  19°  of  range),  and  across 
the  continent  again  westwardly  near  the  parallel  of  20°  south 
latitude.  The  third  line  of  20°  range  enters  the  west  coast  of 
South  America  in  about  latitude  40°  south,  passes  north  near  the 
coast  to  25°  south  latitude,  turns  inland  round  the  northern  bound- 
aries of  the  Argentine  Confederation  and  Paraguay,  and  then 
curves  roand  south  and  south-west  to  Monte  Video  on  the  east 
coast ;  thence  it  runs  due  south,  round  the  Falkland  Islands, 
which  have  a  range  of  16°  to  18°,  croBses  the  ocean  towards 
the  Gape  of  Qood  Hope,  and  thence  east  to  New  Zealand,  passing 
through  the  south-eastern  parts  of  both  its  islands,  and  from  that 
over  the  Pacific  to  South  America. 

A  line  of  30°  range  follows  close  upon  that  uf  20°  in  south 
Australia,  and  is  probably  confined  to  the  southem  half  of  the  con- 
tinent. In  South  America  the  range  line  of  30°  passes  along  tlie 
wast  coast,  perhaps  from  Cai>e  Horn,  northwards  into  the  Argen- 
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tine  Confederation,  through  Catamarca  and  Santiago  at  Its  fnrthest 
north,  returning  thence  perhaps  outside  the  east  coast. 

Tlie  central  and  eastern  parts  of  Patagonia  have  the  highest  - 
range  in  the  southern  hemisphere,  and  this  does  not  exceed  10°; 
observationB  at  Mendoza  in  the  nortli  giving  ooly  38°  of  range. 

The  lines  of  equal  -y^exXj  temperature  over  the  globe,  or  the 
annual  ieotberms,  are  sometimeH  termed  "  climate  lines,"  aud  one 
is  very  apt  to  imagine  that  every  place  vhich  lies  under  the  same 
isotherm  has  the  same  climate,  vLich  is  by  no  means  the  case. 
With  a  view  to  showing  the  variation  of  range  in  those  parts  of  the 
earth  which  have  the  same  mean  annnat  temperature,  six  of  the 
annual  isotherms  have  been  opened  out,  as  it  were,  on  each  side  of 
the  meridioD  of  Greenwich,  and  the  amount  of  range  for  each  point 
of  these  lines  has  been  projected  vertically  above  it,  giving  remark- 
able curves,  of  which  the  one  shown  beneath  the  chart  of  the  annual 
isotheims*  which  accompanies  (his  paper  is  a  sample. 

On  the  isotherm  of  10°  in  the  northern  hemisphere,  it  is  observed 
that  the  range  may  vary  from^  30°  in  the  Arctic  Ocean  to  above  100° 
in  Eastern  Siberia,  near  Yakutsk.  The  mean  range  on  this  iso- 
therm is  66°. 

The  isotherm  of  20°  has  also  a  mean  range  of  65°,  but  may  have 
as  little  as  25°  in  the  Arctic  Ocean,  and  as  much  as  100°  in  Asia. 

On  the  isotherm  of  30°,  or  nearly  a  mean  annnal  temperature  of 
the  freezing  point,  the  range  may  vary  from  below  20°  between 
Greenland  and  Norway,  to  above  90°  in  Eastern  Asia,  the  mean 
range  on  this  line  being  60°. 

The  isotherm  of  40°  shows  a  variation  of  range  of  from  less  than 
20°  in  the  Atlantic  Ocean  south  of  Iceland  and  in  the  North  Pacific, 
to  above  80°  in  Mongolia;  whilst  the  mean  range  is  il'. 

The  line  of  50°  of  mean  annual  temperature  has  a  mean  range  of 
41°;  but  this  varies  between  20°  in  the  west  of  Ireland,  to  above 
80°  in  Asia. 

On  the  isotherm  of  60°  we  find  a  mean  range  of  40°,  but  only  10° 
in  the  Pacific,  and  above  70°  in  Central  Asia. 

From  these  curves  then,  it  is  evident  that  hardly  any  two  regions 

*  The  ananal  itotbennal  lines  ihown  on  this  chart  are  those  of  Dots,  le- 
ceutly  refiwd  bjr  Ur  Buoban. 


ny  Google 


bli  Proceedings  of  the  Royal  Sodefy 

haviDg  an  equal  meaa  temperature,  even  though  of  small  extent, 
and  at  a  very  short  distauce  from  one  another,  have  an  equal 
amount  of  range,  and  that  the  places  on  the  earth's  surface  in 
nbicb  these  two  conditions  of  equal  mean  annual  temperature  and 
eqnal  annual  range  are  the  same,  are  very  few  and  far  between. 

Again,  to  show  the  variationa  of  range  in  the  same  latitude, 
some  of  the  parallels  of  tbe  nortbem  hemisphere  have  been  opened 
out,  as  the  isotherms  were  in  the  former  instance,  on  both  sides 
of  the  first  meridian,  and  the  range  on  each  point  projected  np 
from  these  as  before,  giving  carves  analagous  to  that  shown  below 
the  southern  hemisphere  of  tbe  accompanying  range  chart. 

One  of  tbe  peculiarities  shown  by  tbe  curves  tbiu  produced,  is  that 
of  the  smallnesB  of  tbe  range  on  seas  and  lakes,  and  tbe  great  amount 
on  the  land  surface  of  the  globe,  as  also  tbe  very  immediate  in- 
crease of  range  from  some  coasts  towards  the  interior  of  the  land.  But 
by  far  the  most  interesting  and  curious  feature  presented  by  this 
diagram,  or  indeed  by  the  whole  subject,  is  that  of  the  difierence  in 
tbe  amount  of  range  on  the  opposite  coasts  of  continents  and  seas. 

In  the  temperate  regions,  and  even  to  some  distance  beyond 
these  into  tbe  torrid  zone  and  the  arctic  regions,  ike  range  on  eoatti 
facing  west  it  invariably  leu  than  that  of  coasli  facing  east,  in  the 
same  latitude,  and  this  holds  good  not  only  in  the  case  of  great  teas 
and  land  masses,  but  also  on  tbe  shores  of  inland  seas  and  lakes. 

The  comparison  of  the  range  at  a  few  places  in  the  same  latitudes, 
but  on  the  opposite  coasts  of  the  continents,  given  in  the  following 
tables,  may  serve  to  show  tbe  great  amount  of  this  difference. 

In  North  America — 


L.Htii<l*N. 

wmcou'. 

li-nge. 

EHtCOMt 

Ruge. 

DitTeniKtat 

67" 

Sitka.     .    .    . 

28' 

Port    Nelson.  \ 
Hudson  Bay,  ( 

66" 

iZ- 

Main,  Labtador. 

62" 

29» 

48" 

Port  Orford.     . 

11* 

Bo.toii,     .    . 

44* 

B8» 

sr  80' 

San  Francisco, 

S" 

(      Virgima,    .( 

«• 

82* 

82°  80' 

San  Diflgo,Cili- ) 

SI" 

10" 

fomia,    .     .( 

)      Cawliiia.    .  J 

Mean  DiffereBM,         . 

29* 
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Tbe  mean  difference  of  these  temperate  cooats  of  North  America, 
aa  determmed  hj  the  crosaiDgB  of  the  range  Unea  on  every  fifth 
parallel  of  latitude,  is  25°. 

In  Europe  and  Asia — 


LUUBJUS. 

WMtCoMl. 

ftu|«. 

EutCouL 

Ruf.. 

DIBereiiMDt 
lUogb 

69* 

Beigien,  NorwBj, 

26» 

Okhotsk,      .     . 

66' 

41' 

„.  i 

Hipi,RE»ia.   . 

«• 

1  FortATU.Sea  \ 

60» 

(     !»• 

MMtUd,  Norway, 

28= 

\     ofOkhotak.f 

I     82- 

«!• 

Oiteiid,  France, 

28" 

M>riiiuk(&iiiiu), 

66= 

29° 

«• 

LiBbCD,    .     .     . 

16" 

Pekin,    .    .    . 

66' 

41* 

81" 

JwoMlem,  .    . 

28" 

Shanghae,   .    . 

48° 

16' 

22" 

Ojedda,  Arabjo, 

S" 

CanlnD,  .     .    . 

86° 

27' 

.     29' 

The  differeDoe  of  range  on  tbeee  coasts,  determined  as  before 
from  the  range  lines,  is  again  25°,  the  same  amount  as  W9  obtained 
for  North  America,  thns  establishing  a  close  agreement  in  the  re- 
lations of  th«  ooaats  of  these  two  continents. 

The  mean  difference  between  the  past  and  west  ooasta  of  that 
portion  of  North  Africa  which  falls  in  the  temperate  regions  ia  10°, 
the  Bed  Sea  coast  having  that  amount  of  range  more  than  the 
Atlantic  coast. 

In  South  America  we  find  Talpanuso  in  latitude  33°  S.  on  the 
west  coast,  with  a  range  of  onljr  9°,  and  in  latitude  35°  S.  on  the 
east  coast  we  have  Monte  Video  and  Buenos  Ayres,  with  ranges 
of  21°  and  26°,  thus  showing  a  difTerence  between  the  coasts 
at  this  point  of  14°.  The  range  lines  give  a  mean  differencs 
of  12°. 

.Observations  on  the  west  coast  of  South  Africa,  in  the  temperate 
region,  are  entirely  wanting;  but  since  the  line  of  no  January  and 
July  range  falls  10"  of  latitude  farther  to  tbe  south  in  the 
Atlantic  on  tbe  west,  than  it  does  on  the  east  coast,  where  it  just 
reaches  the  equator,  we  may  perhaps  assume  that  the  west  coast  of 
South  Africa  has  also  a  less  range  than  the  east,  probably  amount- 
ing to  5°. 

In  tbe  temperate  regions  of  South  Australia  tbe  range  lines  give 
a  mean  difference  between  the  coasts  of  10",  tbe  range  on  the  tart 
coast  again  predominating  to  this  amount. 

Tot.  vr.  i  f 
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Taking  a  meaD  of  all  these  differences,  we  fiod  that,  in  Qu  Um- 
perata  regiotu  of  the  globe,  the  wett  eoastt  <^  (Ae  conttiMnlt  have  15° 
Iu«  ran^e  tAon  tAa  auf  etxMfj,  and  we  have  eeen  that  this  difference 
ma;  rise  to  above  40°. 

Ad  examination  of  the  ranges  on  the  coasts  of  inland  seas,  and 
even  lakes,  leads  to  the  same  general  conclusion. 

In  the  Med^erranean  the  following  places— Alicante  (30*), 
Valencia  (40°),  Barcelona  (30°),  Ferpignan  (S6°),  Montpellier  (36" j, 
Catania  (39°),  and  Athens  (38°),  on  eatt  facing  coasts,  give  a  mean 
range  of  36°;  whilst  Oran  (21°),  Algiers  (21°),  Palermo  (25°), 
Naples  (29°),  Rome  (30°),  Corfu  (26°),  and  Beyroat  (28°),  give  a 
mean  of  26°  for  the  west  facing  coasts,  oi  a  difference  of  10°  be- 
tween the  two. 

The  mean  of  Odessa  (47°)  and  Constantinople  (33°)  gives  40°  ef 
range  for  the  eatt  facing  coast  of  the  Black  Sea;  and  Trebisond 
(29°)  and  Bednt  Sole  in  Caucasia  (31°)  give  30°  as  the  range  of 
the  weal  facing  coast ;  again  showing  a  difference  of  10°  leas  on  the 
latter  coast.  On  the  eatt  facing  coast  of  the  Catpiaa  Sea,  taking 
the  observations  at  Astrakhan  and  Lenkoran  (58°'and  42°),  we  have 
a  mean  of  50°,  whilst  Novo  Petrovsk,  the  only  observing  station  on 
the  wett  facing  coaat,  has  47°  of  range ;  Fort  William  (58°)  and  Bay 
Citj  (55°)  give  56°  as  the  mean  range  of  the  eatt  facing  coast  of 
Lake  Superior;  and  Michipicoten,  in  the  centre  of  its  weit  faciog 
coast,  has  only  46°  of  range,  again  showing  a  difference  of  10^ 

The  causes  of  this  uniform  predominance  of  range  on  east  coasts 
over  west,  might  form  an  interesting  subject  for  investigation.  On 
no  two  continental  coasts  do  we  tind  exactly  the  same  prevailing 
oonditions  of  winds  and  currents,  much  less  of  elevation  and 
form,  so  that  the  explanation  of  this  phenomenon  must  rather 
he  looked  for  in  a  special  combination  of  these  influences  for  each 
individual  coast,  than  in  any  one  cause  acting  over  the  whole 
earth's  surface. 

Tlie  linet  of  equal  range  are  formed  between  different  January 
and  July  Itmperaturet  in  different  partt  of  the  globe.  To  show  the 
manner  in  which  tbese  equal  range  lines  more  up  and  down  the 
thermometer  scale  in  their  passage  round  the  earth,  a  few  of  the 
range  lines  in  the  northern  hemisphere  have  been  opened  out,  at 
the  isotherms  were  before,  on  each  side  of  the  meridian  of  Oreen- 
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wich.  The  curved  lines  thus  obtained,  and  of  which  a  epecimen  ia 
given  under  the  nortbern  hemisphere  of  the  range  chart,  shoir  the 
fluctaationa  of  the  temperatuTes  fonniug  the  lange  lines  of  theee 
amounts ;  the  upper  line  shows  the  July,  and  the  under  line 
parallel  to  it  the  January  temperatures,  according  ta  the  scale 
shown  at  the  side  of  the  lines. 

From  this  wo  observe  that  the  line  of  60°  range  lies  between 
the  temperatures  of  30°  Fabr.  in  January,  and  90°  Fabr.  in  July 
at  its  maximum,  in  Persia,  and  between  —20°  Fabr.  and  +  40°  Fabr. 
in  BafBn  Bay  at  its  minimum. 

The  lineof  60° of  range,  again,  bss  its  maximum  in  Central  Asia 
between  40°  Fahr.  in  January  and  90°  Fabr.  in  July,  and  it« 
minimum  in  tbe  Arctic  Sea  between  — 15°  Fahr.  in  January  and 
+  35°  Fahr.  in  July. 

Forty  degrees  of  range  stands  kigheH  on  the  temperature  scale  in 
Arabia  and  Persia  between  95°  Fabr,  in  July,  and  56°  Fahr. 
in  January;  and  is  at  its  lotouf  point  between  —5°  Fahr.  and -1-35° 
Fahr.  in  tbe  Arctic  Sea. 

Tbe  line  of  30^  of  range  has  its  maximum  in  Central  Africa  be- 
tween 96°  Fahr.  and  65°  Fahr,  in  Joly  and  January,  and  its  mini- 
mum between  +  6°  and  35°  in  the  North  Atlantic. 

Lastly,  the  line  of  20°  of  range  is  at  its  highest  temperature  in 
Central  Africa  between  95°  Fabr.  and  75°  Fabr.  in  July  and 
Januaiy,  and  at  its  lowest  in  North  Norway  between  47°  and  27° 
Fahr.  The  next  lowest  temperatures  on  the  line  of  20°  fall  in  the 
British  Isles,  between  38°  in  Jannary  and  58°  in  July  at  Braemar  in 
North  Scotland,  and  42°  in  January  and  62°  in  July  at  Ventnor  in 
South  England. 

The  points  on  these  lines  which  pass  through  tbe  same  iso- 
therms, or  whose  January  and  July  temperatures  are  at  tbe  same 
heights  on  the  scale,  have,  so  far  as  regards  temperature,  exactly 
the  same  yearly  climate.  Thus,  on  tbe  line  of  60°  of  range  we 
may  compare  Uinneaota  in  tbe  United  States  with  South  Bussia; 
en  the  line  of  60°  range,  the  Great  Salt  Lake  region,  in  America, 
with  tbe  Caucasus  in  Europe;  and  tbe  east  coast  of  China  in  Asia, 
or  the  American  Lake  district,  with  tbat  of  North  Busiia.  Again, 
on  tbe  line  of  40°  range,  Newfoundland  has  exactly  the  soma 
plimate  aa  tbe  Baltic  provinces  of  Bussia,   and   the  coasts  of 
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Eamtschatka.m&y  be  compared  with  those  of  North  Norway,  or 
Eakodadi  in  Japan  vith  Vienna  is  Atutria. 

On  the  80°  range  line  ve  find  the  north  coasts  at  British  Columbia 
comparable  with  those  of  North  Norway,  Pari*  with  Fort  Vanetrnver 
in  Oregon,  and  the  south  of  Spain  .with  the  north  of  Mexico ;  and 
lastly,  OS  the  20°  range  line,  Uacao  Island  near  Hong  Kong  in 
China  with  the  some  climate  as  Florida  in  America. 

A  point  wortby  of  notice,  but  for  the  establtshmeot  of  which  few 
data  are  as  yet  to  be  bad,  is  that  of  the  apparent  diminution  of 
range  on  elevated  parta  of  mountains  oi  mountain  chains.  The 
best  authenticated  example  of  this  is  that  presented  by  the  Alps 
of  Switzerland.  Obserrations  for  ten  and  twenty  yean  at  the  St 
Gothard  and  St  Benhard  hospices,  at  elerations  of  above  6000 
feet,  give  a  range  of  only  27*'  for  each,  whilst  the  plain  of  Italy 
to  the  south  has  a  range  of  upwards  of  40°.  This  diminution  for 
elevation  is  also  observed  in  stations  in  the  Pyrenees,  the  Tran- 
eylvanian  Alps,  and  the  Himalayas. 

By  the  aid  of  these  charts  of  annual  range  we  can  at  once  predicate 
of  any  point  of  the  earth's  surface  whether  it  has  auniform  and  even 
climate,  or  an  extreme  one,  or  what  precise  place  it  holds  between 
these  limits.  These  charts  may  thus  be  of  considerable  utility  in 
themselves,  but  it  is  when  taken  as  companions  to  the  annual  iso- 
thennal  charts,  that  they  have  their  highest  value.  From  the 
iioOurmal  chart  we  may  find  that  any  required  place  has  a  certain 
mean  yearly  temperature ;  but  we  have  no  means  of  asoertainiDg 
from  it  bow  far  the  tempeiaturea  of  its  coldest  month  may  desoend, 
or  how  high  its  warmest  month  may  ascend  the  thennometer  scale. 
Again,  from  the  raitge  chart  taken  by  itself,  we  can  only  tell 
that  the  climate  of  the  place  in  question  is  limited  to  a  oertain 
number  of  degrees,  without  being  able  to  say  what  position  these 
degrees  occupy  in  respect  to  heat  and  cold.  But  let  the  charts  be 
used  in  company,  and  then  we  may  have  all  that  is  reqnired. 
Firat,  from  the  one  chart  find  the  mean  annual  temperatnre  of  the 
place,  and  from  the  other  its  annual  range ;  then,  mmcs  the  mean 
annual  temperature  <^  placet  in  the  temperate  and  arctic  regiont  <if 
tAe  ghihe  corretpondi  very  elotely  with  the  midteay  point  between  their 
Janvary  and  July  temperaiuret—it  the  one-half  of  the  amoant  of 
the  range  be  placed  oioue  and  the  other  half  bettm  the  mean  anaiial 
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temperature  od  the  thermometer  scale,  we  hare  at  ODce  the  tem- 
peratures of  the  varment  and  coldest  months,  and  the  yearly 
temperature  of  the  place,  a  knovledge  snfGcient  for  almost  every 
purpose.  This  is  best  illustrated  by  an  example.  If  we  take  from 
the  isothermal  chart  the  mean  annual  temperature  of  Paris,  we 
find  it  52°,  and  from  the  other  chart  its  annual  range  is  30° ;  then 
the  mean  annual  temperature  plus  the  half  of  this  range  gives  67°, 
the  July,  and  the  mean  annual  mimu  half  of  tbe  range,  37°,  the 
January  temperature  of  Paris. 

Id  conclusion,  it  is  inbmitted  that  the  chart  of  annual  range  ii 
a  oseful  companion  to  the  isothermal  chart,  and  that  used  together 
these  two  form  a  very  complete  gaide  to  the  temperature  of  the 


2.  Note  on  Electrolytic  Polarisation.    By  Professor  Tait. 

The  following  note  refers  to  some  experimentB  instituted  at  the 
request  of  Ur  Dewar,  yiho  asked  me  to  determine  the  polarisation 
of  the  Palladium  electrodes  whose  singular  behaTionr  he  recently 
described  to  the  Society. 

I  had  just  obtained  one  of  Sir  W.  Thomson's  most  recent  forms 
of  quadrant  electrometer,  and  it  occurred  to  me  that  thit  must  be 
tbe  proper  instrument  for  determining  polarisation,  as  its  indiea- 
cations  are  not  affected  by  electric  resistance,  and  give  directly — 
that  is,  without  assuming  the  truth  of  Ohm's  law  for  reverse  elec- 
tromotive forces,  and  the  consequent  necessary  determinations  of 
resistance — tbe  quantities  required.  Tbe  method  employed  by 
Wbeatstone,  Foggendorff,  Buff,  and  others,  assumes  that  the  whole 
electromotive  force  in  tbe  circuit  is  tbe  algebraic  sum  of  those 
of  tbe  decomposing  battery  and  of  tbe  electrodes, — an  osramption 
whose  truth  some  may  consider  to  require  proof,  and  which  it  is 
certainly  useful  to  verify  by  an  independent  process.    Again,  after 

*  Tbe  author  baa  tnncli  pleunre  in  Telnming  his  beat  thanks  to  Vi  Bnchan, 
the  Bocretarj  of  the  Scottish  Ueteorologjcal  Society,  for  mnch  ■niitanee  in 
the  preparation  of  the  matennls  for  the  chart,  and  for  pIsciDg  at  his  diapoeal 
a  large  private  and  nnpnhliihed  collection  of  tempentaiM  In  all  parts  of  tha 
globe. 
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the  deoompoaing  action  has  ceased,  the  resistance  of  the  films  {of 
gas  or  oxide)  which  aie  deposited  on  the  electrodes  ma;  change  in 
value.  That  neither  of  these  circa mstances  produces  an;  marked 
effect  is,  however,  amply  proved  by  the  numbers  which  follow, 
which,  though  given  oulj  aa  first  approximations,  are  within  the 
limits  of  differeuce  of  the  results  given  (from  galvanometrio  deter- 
minations) by  farmer  experimenters. 

The  experiments  were  all  mode  iu  my  laboratory,  mvnly  under 
my  owa  direction,  bnt  Bometimes  under  the  eye  of  my  aseietant, 
Mr  W.  B.  Smith,  Able  assistanoe  was  rendered  by  several  of  my 
practical  students, — two  months  ago  by  Messrs  Ruasell  Smitii  and 
J.  G.  Young,  mora  recently  by  Messrs  Browning  and  Kicbol. 

Aa  the  polarisation  in  most  cases  diminishes  with  very  gnat 
rapidity  from  the  instant  of  breaking  contact  with  the  decomposing 
battery,  and  as  (for  this  and  other  reasons)  the  mode  of  measure* 
ment  by  the  firet  string  of  the  index-needle  of  the  electrometer  is 
not  deserving  of  much  confidence,  it  was  QecesBoiy  to  davisa  a 
process  by  which  the  electrometer  could  be  charged  at  leisure  np 
to  any  desired  potential,  and  then,  for  an  instant  oniyi  placed  in 
connection  with  the  electrodes.  The  appuvtne  I  employed  bears 
a  certain  analogy  to  the  totppe  of  Foggendorff,  but  differs  from  it 
in  some  essential  particniare,  both  of  construction  and  mode  of 
working. 

In  a  plate  of  vulcanite,  or  other  good  insnlator,  ten  holes  are  cat 
as  below,  and  filled  with  mercury.    Those  marked  E  are  ccnneoted 


with  pairs  of  opposite  quadrants  of  the  electrometer,  F  with  the 
electrodes,  B,  with  the  decomposing  batteiy,  and  B,  with  tbo 
auxiliary  (or  charging]  battery.    Also  metallic  counection,  as  indi- 
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-oated  in  tbe  sketch,  is  penuuiently  eaUbllabed  between  tbe  two 
oeatial  holes  end  the  boles  connected  with  tbe  electrometer. 

The  rocker  consists  of  four  wires,  supported  on  an  insulaiing  bar 
of  vntcanitB,  the  two  outermost  having  three  points,  the  middle 
one  longer  than  the  otben,  and  tbe  two  inner  being  similar,  but 
wanting  one  of  the  eztremitteB.  "When  tbe  four  middle  stems  dip 
Teiticall;  into  the  four  central  mercury  cups,  the  other  steins  do 
not  reach  the  mercury  in  any  of  the  other  six  cups.  If  tbe  instru- 
meut  be  inclined  to  the  right  the  four  prongs  enter  tbe  boles  to 
tbe  right — thus  simultaneously  connecting  the  electrodes  with  the 
decomposing  battery,  and  the  electrometer  with  tbe  charging 
battery.  When  tbe  instrument  inclines  to  the  left,  tbe  electrodes 
are  shunted  from  the  decomposing  battery  on  to  tbe  electrometer, — 
tbe  latter  having  just  before,  by  tbe  same  action,  been  cut  off  from 
the  charging  battery,  and  thus  left  charged. 

The  modm  operandi  ia  simply  this : — Leave  tbe  rocker  leaning  to 
tbe  right  by  its  own  gravity,  decompoeition  and  polarisation  going 
on ;  adjust  tbe  wires  B,  to  different  points  in  a  wet  string  (or  a 
n&trow  canal  of  water)  closing  tbe  circuit  of  the  charging  battery ; 
work  the  rocker  quickly  to  the  left,  and  allow  it  iostantly  to  fall 
back  again,— a  process  which  need  not  occupy  more  than  a  small 
fraction  of  a  second ;  yet  which  mast  not  be  performed  too  quickly, 
on  account  of  the  inertia  (email  as  it  is)  of  tbe  needle  and  mirror 
of  tbe  electrometer.  If  tbe  deflection  of  the  electrometer  be  sudden  ly 
increased  or  diminished  by  this  action,  slide  one  of  the  wires  B, 
along  tbe  wet  string,  a  little  farther  from  or  nearer  to  tbe  other, 
and  rock  again, — continuing  this  process  till  a  charge  is  found  which 
leaves  the  electrometer  at  rest  wben  the  rocking  to  and  fro  is  per- 
formed. Beverse  a  commutator  attached  totbewiiesE,  and  repeat 
tbe  operation.  Tbe  difference  of  tbe  scale  readings  in  these  two 
cases  gives  a  number  proportional  to  the  electromotive  force  of  the 
polarised  plates — (I  say  difference,  because  the  scales  commonly 
used  with  Sir  W.  Thomson's  instrumeDts  are,  to  avoid  confusion, 
graduated  from  one  end  to  tbe  other,  as  they  ought  to  be,  instead 
of  being  graduated  opposite  ways  from  the  middle).  To  enable 
tbia  measure  to  be  reduced  to  absolute  unite,  a  normal  Daniell's 
cell  was  applied  at  intervals,  doring  each  day's  work,  directly  to 
the  electrodes  of  the  electrometer,  then  reversed ;  and  the  differ- 
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«nce  of  the  readings  waa  tabulated  as  repiesentitig  its  electromotiTfr 
force. 

In  At  earlier  experiments  I  used  a  plats  of  gutta-perofaa  in 
which  the  ten  holes  vere  bored,  but  for  a  time  discontimied  ito  om 
on  suspecting  that  it  sometimes  led  to  irregular  working  of  the 
apparataa  by  imperfect  inaalatioD.  The  cups  were  then  itparaUiy 
moanted  on  insolatora  three  inches  high,  hnt  this  was  not  found  to 
be  an  improvement  of  an;  cod  sequence ;  and  the  holes  are  now 
made  in  a  small,  hnt  thick,  plate  of  rulcanite. 

Id  this  note  the  numbers  presented  must  be  looked  apoa  only  ts 
first  approximations;  but  the  apparatus  has  now  been  carefully 
coQitructed  by  an  instrument  maker,  and  Mr  Dewar  has  begun 
an  elaborate  series  of  experiments  with  it,  from  which  Talaable 
results  may  soon  be  expected.  In  the  trials  which  hftve  u  yet 
been  made  we  employed  a  temporary  apparatus,  rudely  built  up  of 
wires,  sealing-wax,  and  gutta-percha.  We  have  rather  been  endea- 
vouring to  determine  whether  the  process,  complicated  as  it  is  by 
the  inertia  of  the  movable  port  of  the  electrometer,  the  quickness 
with  which  the  rocking  can  be  conducted,  and  the  rate  at  which 
the  polarisation  begins  to  diminish  as  soon  as  the  polarised  plates 
are  detached  from  the  decomposing  hattory,  is  capable  of  being 
made  to  give  good  results,  than  in  actually  attempting  to  get  sncb. 
So  far  as  I  can  yet  see,  the  first  of  these  complications  is  alone 
likely  to  cause  any  serious  embarrassment ;  and  should  such  be  the 
case,  which  I  do  not  anticipate,  a  form  of  experiment  a  little  moi« 
laborious  than  that  above  described,  and  which  I  have  already  once 
oi  twice  tried,  seems  to  be  well  adapted  to  meet  it. 

The  following  are,  for  the  most  part,  means  of  a  great  number 
of  determinations.  The  electrolyte  was  uenally  dilute  commercial 
sulphuric  acid,  1  part  acid  to  10  of  water;  and  to  the  lead  and 
other  impurities  it  was  found  to  contain,  we  may  ascribe  the  fact 
that  the  restlta  were  not  very  accordant  from  day  to  day,  so  that  it 
was  not  easy  to  decide  how  to  take  the  means.  Mr  Bewar  is  now 
working  with  substances  chemically  pure,  and  obtains  much  mora 
constant  results. 

The  unit  employed  is  the  electromotive  force  of  an  ordinary 
Daniell's  cell.  The  G-rove's  cells  used  in  the  electrolysis  had  (very 
constantly)  an  electromotive  force  about  174  times  as  great. 
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I.  Frebhlt  Buknid  Platimth  Plates. 
No.  of  Grove's  cells  ic  de-  1  .         „ 

compoaing  battery,  .     .     .  J 
Resulting  polariBfttion,     .    .    1-64    1-98    201    212    230 

II.  PlaTDIUH  -t-  I  PALLADinU  —  . 

Cell I  2  i 

Polariaation 150        182        185 

III.  Falladiuk  ■{■ ,  Platindk  —  . 

Cells, 1  2  4 

PolarisBtion, 1-60        192        1-91  (?) 

IV.  With  Thrbb  Cells. 
PUtiaurD  + ,  Iron  -  .  I  Plitiiium  -  ,  Iron  + .  I      IroD  Plates. 
Polaiieation,    .     216  |  00  [  00 

V.   AlDHIKIIIU  FbATIB. 

CellB,    ....       1  2  3  4  6 

PolarisatioD, .    .    109      217      244(?)      401      520 

The  last  results  are  very  remarhable,  showing,  as  they  do,  from 
alnminiam  electrodes  a  reverse  electromotive  force  of  more  th&n 
five  Daniell's  when  six  Grove's  are  in  circuit.  The  polarisation 
alters  so  rapidly  during  the  electrolyHis  (in  the  case  of  alumi- 
nium) that  I  cannot  he  oertain  that  the  numbera  above  given 
represent  fully  the  maximum  effect.  Various  other  combinations 
have  been  tried,  but  are  being  repeated  by  Mr  Dewar. 

3.  Od  the  Causes  of  Yolcsnlc  Action.      By  Joseph  John 

Murphy,  Eeq.    GommaQicated  hy  Dr  Wyville  Thomson. 

In  offering  theie  remarks  on  the  causes  of  volcanic  action,  I 

take  it  as  proved  that  volcanoes  are  in  communication  with  a 

remtvoii  of  heat,  occupying  the  centre  of  the  earth :  which  heat, 

however,  the  earth  is  gradually,  though  very  slowly,  losing;  partly 

by  volcanio  emptiong,  partly  by  hot  springs,  and  partly  by  the 

slow  conduction  of  heat  towards  the  snrTace  thTough  the  strata. 

I  also  take  it  aa  proved,  that  the  earth  is  not  fluid  but  solid 
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throughout ;  or,  at  least,  that  ita  solid  crust  is  of  ancb  thickness 
that  the  earth  is  to  be  legarded  for  all  purposes  as  a  solid  body. 
Gonsequentl;  the  production  of  lava — that  is  to  say,  the  liquefac- 
tion from  heat  of  a  omall  portion  of  the  solid  mass  of  the  earth — is 
a  strictly  local  occurrence ;  this  ia  eufficiently  proved  by  the  well- 
known  fact,  that  the  lava  stands  at  different  levels  in  different 
volcanic  craters,  even  when  they  are  in  eruption  at  the  same  time, 
and  very  near  each  other :  as  tn  the  case  of  Mauna-Loa  and 
Eilanea,  in  Hawaii  (Scrope  on  Volcanoes,  p.  262],  which  would  be 
impoflsible  if  there  were  any  free  hydranlic  communication  between 
the  different  reservoirs  of  lava.  The  strata  at  great  depth,  not- 
irithstandtDg  their  intense  heat,  are  kept  solid,  as  ws  have  every 
reason  to  believe,  by  the  pressure  of  the  saperincumbent  strata,  and 
iheir  ligiieftuiion  in  paHicular  placet,  producing  lava,  it  due,  as  I 
ahall  endeavour  to  prove,  to  local  nlief/rvm  pretmre. 

Darwin  has  brought  forward  what  appears  to  be  nearly  coa> 
elusive  evidence  for  believing  that  active  volcanoes  are  to  be  found 
only  in  areas  that  are  undergoing  elevation.  To  quote  bis  own 
words : — 

"It  may,  I  think,  be  considered  as  almost  established,  that 
Tolcanoes  are  often  (not  necessarily  always)  present  in  thoee  areas 
where  the  subterranean  motive  power  has  lately  forced,  or  is  now 
forcing  outwards  the  crust  of  the  earth,  but  that  tbey  are  invariably 
absent  in  those  where  the  surface  has  lately  eubsided  or  ia  Btlll 
subsiding." — Darwin  on  Coral  Islands,  p.  142. 

It  appears  to  be  generally  taken  for  granted  that  the  expansiTS 
force  of  the  earth's  internal  heat  is  the  motive  power  that  produces 
elevation,  and  also  volcanic  action.  In  this  theory,  however,  there 
is  a  difGculty  which  is  not,  I  think,  generally  perceived.  At  the 
beginning  of  geological  time,  the  earth  must  have  been  sufficiently 
cooled  down  to  permit  the  formation  over  its  surface  of  a  cold  solid 
stratum.  The  lower  strata  are  not  hotter  now  than  tiiey  were 
then,  and  may  perhaps  be  «ennUy  colder,  as  they  are  constantly, 
though  very  slowly,  parting  with  heat.  If,  then,  the  temperature  of 
the  lower  strata,  millions  of  ages  ago,  was  low  enough  to  permit  a 
cold  solid  crust  to  form  above  them,  how  can  it  now,  when  it  has 
not  risen,  be  high  enough  to  raise  up  that  omst  in  upheavals,  and 
break  through  it  in  eraptions  ?    It  seems  almost  a  oontiadiotion  to 
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think  this  poaaible.  To  use  a  familiar  illnstratioii : — When  an 
iron  casting  ie  cooling  in  the  sascl,  and,  of  course,  like  the  earth, 
coaling  from  the  surface ;  when  once  the  cold  hard  cruet  begins  to 
form,  the  greater  heat  of  the  interior  has  no  tendency  whatever  to 
break  through  the  cmst.  Were  there  no  other  force  to  upheave, 
or  break  through  the  earth's  cmat,  I  do  not  belioTe  the  internal 
heat  could  ever  do  it.  I  have  now  to  state  how  I  believe  such 
actions  are  brought  about. 

The  earth  is  cooling,  and  as  it  cools  it  must  contract.  But  this 
is  true  only  of  the  deeper  strata:  the  surface  is  cooling  and  con- 
tracting no  longer.  Bnt  the  surface,  by  reason  of  its  weight,  is 
clinging  round  the  centre. 

The  earth  is  a  sphere,  whereof  the  centre  is  contracting,  while 
the  surface  clings  to  the  centre  and  yet  cannot  contract.  What, 
then,  will  necessaiily  follow?  The  same  that  happens  when  an 
apple  contracts,  while  its  skin  clings  to  it  and  yetcannot  contract — 
the  surface  will  form  vmvJeUt,  rising  in  some  places  and  sinking  in 
others.  This,  I  believe,  is  the  explanation  of  those  gradual  move- 
ments of  elevation  and  subsidence,  which,  as  we  know,  have  taken 
place  everywhere,  and  are  now  going  on  at  least  over  extensive 
areas.  Bnt  the  formation  of  mountain  chains  having  axes  of 
igneoos  rocks,  and  of  volcanoes,  needs  further  explanation. 

Over  areas  of  elevation  the  superficial  strata  are,  in  a  slight 
degree,  being  lifted  up;  over  areas  of  subsidence  they  are,  in  an 
equal  degree,  being  forced  down.  When  they  are  lifted  np,  there 
will  be  a  diminution  of  pressure  on  the  lower  strata.  (This  majr 
be  made  evident  by  considering  that  if  the  upper  strata  were  lifted 
up  into  an  arch,  which,  however,  is  probably  impossible,  they  would 
not  press  on  the  lower  strata  at  all.)  A  diminution  of  pressure  on 
the  lower  heated  strata  will  cause  them  to  melt  into  lava,  expand- 
ing at  the  same  time  (igneous  rocks,  in  the  act  of  melting,  expand 
by  from  a  ninth  to  a  third  of  their  volume  when  unmelted — 
Bischoff,  quoted  in  Scrope  on  Tolcanoes,  p.  44),  and  the  same 
cause  will  make  their  imprisoned  vapours  expand.  (For  the  exist- 
ence of  these  vapours,  see  Scrope  on  Tolcanoes,  p.  66.)  Thie 
action  probably  begins  suddenly,  as  soon  as  the  diminution  of 
pressure  is  sufficient  to  permit  the  rocks  to  begin  to  melt.  In  this 
way,  as  I  believe,  the  igneous  axes  of  mountain  chains  have  b'een 
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tbrost  up.  Two  caoaes  there  an  whidi  so  operate — tlie  general 
rabfiideace  of  the  cniat  of  the  euth,  thmBting  it  in  particnlar 
places  over  regions  of  eleratiou,  into  huge  anticlinal  wriokleB,  and 
the  expansive  foice  of  the  faeat  from  below,  v^ien  owx  liberated  by 
local  relief  from  preesore.  The  foimer,  as  I  have  explained  aboTe, 
is  what  determines  igneous  action  in  anj  particular  place;  the 
latter  accounts  for  all  violent  action,  such  as  highly  inclined  and 
overtnmed  strata;  without  it  theie  vonid  be  no  mountains,  bat 
only  gentle  elevatious. 

A  volcano  is  formed  whenever  tha  igoeons  matter  from  belov 
either  forces  its  way  to  the  surface,  or  (what  is  perhaps  a  posaible 
case)  has  way  made  for  it  throogh  a  crack  in  the  Buperficial  strata, 
formed  as  tbey  bend  into  wrinkles.  Bnt  the  fact  that  volcaiuKB 
are  fonnd  only  in  regions  of  elevation,  proves  to  my  mind  that  the 
first  determining  cause  of  volcanic  action  is  the  elevation,  causing 
local  relief  from  pressure,  and  enabling  the  B<did8  and  vaponra  to 
eipand  from  the  heat  they  contain. 

Proof  has  been  found  of  the  existence  of  active  and  tecent 
volcanoes  in  the  heart  of  the  Asiatic  and  North  American  con* 
tinents  (Bee  Scrope  on  Volcanoes,  pp.  406, 4fi3),  bnt  they  are  very 
much  more  nnmerous  on  isUnds  and  coasts.  There  must  he  some 
reason  for  this,  and,  I  believe,  the  reason  is,  that  the  ocean  is  the 
great  agent  of  denudation  and  deposition ;  consequently  changes 
in  the  weight  pressing  on  the  various  positions  of  the  bed  of  the 
ocean  are  constantly  taking  place,  and  such  changes  cannot  fail  to 
cause  changes  in  the  limits  of  the  areas  of  elevation  and  subsid- 
ence, and  to  produce  irregularity  in  the  wrinkling  action ;  and  tha 
more  of  such  changes  and  irregularities  there  are,  the  more  multi- 
plied will  be  the  chances  of  local  diminution  of  pressure  sufSclent 
to  cause  volcanic  action.  Over  great  continental  areas,  on  the 
contrary,  the  wrinkling  action  will  be  undisturbed,  and  will  go  on 
for  the  most  part  more  evenly,  though  H  will  still  produce  igneous 
action  in  soma  cases. 
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4.  Preliminary  Note  on  the  AntagoQiBm  between  the  Actiona 
of  Physostigma  (Calabar  Bean)  and  Belladonna.  By  Dr 
Thomas  B.  Fraeer. 

(Abilraa.) 

In  this  paper  the  author  deecTibed  a  number  of  obserrationB 
which  appear  to  demonBtnte  that  the  fatal  action  of  certain  doeei 
of  pbysoBtigma  may  be  preveDted  by  the  adminiBtiation  of  atropia. 

The  following  plan  was  adopted  for  the  iDveetigation : — After 
the  miDimum  fatal  dose  of  each  poieon  had  been  approximately 
determined  for  rabbits  and  dogs  of  different  weights,  a  fatal  doae  of 
one  of  the  poisons  was  administered  along  with  a  certain  dose  of 
the  other,  and,  if  death  did  not  result,  the  same  animal  was  Bnb> 
seqnently  killed  by  a  dose  of  one  of  the  poieone  equal  to  or  less 
than  that  given  in  the  combination. 

To  illustrate  the  general  character  of  the  resnlts,  the  following 
experiments,  among  others,  were  described : — 

Experiment  1. — A  Bolution  of  four  grains  of  sulphate  of  atropia, 
ID  twenty  minims  of  distilled  water,  was  injected  under  tbe  skin  at 
the  left  flank  of  a  yonng  rabbit,  and,  immediately  afterwards,  a 
solution  of  0'5  gr.  of  pbysoatigma,  in  fifteen  minims  of  distilled 
water,  was  injected  under  the  skin  at  the  opposite  flank.  In  two 
minut«B  the  pupils  were  dilated.  Fibrillary  twitches  then  occurred, 
and  in  about  ten  minutes  paralysis  was  present  to  such  a  decided 
extent  that  the  rabbit  had  great  difficulty  in  moving  about,  and 
usually  lay  extended  on  the  abdomen  and  chest,  with  the  bead 
resting  on  the  lower  law.  It  continued  in  this  state  for  about 
twenty  minutes,  and  then  tbe  symptoms  gradually  disappeared;  so 
that,  in  rather  more  than  an  hour  and  thirty  minutes  after  tbe  in- 
jections, it  appeared  to  have  recovered  perfectly,  with  the  exception 
that  the  pupil-dilatation  remained. 

Experiment  2. — Several  days  subsequently,  05  grain  of  extract 
of  pbysostigma,  in  fifteen  minims  of  distilled  water,  was  injected 
under  the  skin  of  this  animal.    Death  occarred  in  fifteen  minutes. 

Experiment  3. — In  tbe  next  experiment,  a  rabbit  of  nearly  tbe 
same  weight  as  that  used  in  the  last  received  six  grains  of  sulphate 
of  atropia,  and  then  05  grun  of  extract  of  pbysostigma.  The 
symptoms  weia  less  serious  and  of  sborler  duration  than  in  tbe 
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experim«Dt  where  the  nme  doee  of  extract  of  physostigma  was 
given  along  with  only  four  gruDS  of  Bolphats  of  attopii,  and  they 
B[^aTed  to  be  caused  by  the  latter  aubstance  chiefly. 

Experiment  i. — Four  days  afterwards,  it  was  found  that  05  grain 
of  extract  of  physostigma  was  a  fatal  dose  for  this  rabbit  also. 

Evidence  of  a  still  more  Batisfactoiy  character  in  support  of  the 
reault  that  the  toxic  action  of  physoBtigma  may  be  prevented  by 
atropia  was  obtained  with  doge. 

Experiment  5. — Eight  graina  of  sulphate  of  atropia  and  three 
grains  of  extract  of  physostigma,  in  distilled  water,  were  injected 
under  the  skin  of  a  vigoroos  English  terrier  dog,  weighing  ten 
pounds.  The  4^ief  symptoms  were  dilatation  of  the  pupils,  partial 
paralysis,  and  hypnotism.  Of  these,  the  first  contlnned  for  several 
days,  and  the  last' for  less  than  twenty-four  hours.  The  partial 
paralysis  continued  for  only  forty  minutes,  after  which  the  dog  was 
in  a  perfectly  nonntd  condition,  except  that  the  pupils  were  in  full 
dilatation,  and  that  a  tendency  to  indulge  in  sleep  was  manifeated. 

Experiment  6. — Three  weeks  afterwards,  the  same  dog  received 
eight  grains  of  sulphate  of  atropia  and  six  grains  of  extract  of 
physostigma — the  latter  being  twice  as  large  a  dose  as  that  given  in 
the  previous  experiment.  Dilatation  of  the  pupils  and  considerable 
less  of  motor  power  were  again  produced;  but,  in  addition,  oeitain 
symptoms  were  prominently  exhibited  that  were  undoubtedly  due 
to  the  physostigma,  such  as  tremors  and  exaggersted  bronchial 
secretion.  The  partial  paralysis  and  tremors  continued  for  more 
than  three  hours,  and  the  dilatation  of  the  pupils  for  several  days, 
after  which  the  dog  perfectly  regained  its  former  condition. 

En^eriment  7. — In  order  to  show  distinctly  that  the  atropia  had 
prevented  the  fatal  action  of  the  physostigma  given  in  these  two 
experiments,  this  dog  received,  some  weeks  afterwards,  three  grains 
of  extract  of  physostigma — a  dose  equal  to  that  from  which  it 
recovered  in  the  first  experiment,  and  only  half  as  large  as  that  from 
which  it  recovered  in  the  second.  The  results  were  that  psrtial 
paralysis  and  tremors  were  quickly  produced,  that  the  lachrymal 
and  salivary  secretions  were  profusely  increased,  and  that  the 
respirations  become  more  and  more  laboured  and  jerking,  until 
tbeyceasedindeoth,  at  seventeen  minutes  after  theadmisistration. 

These  experiments  ap[>ear  to  prove  that  in  rabbits  and  doga  th» 
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fatal  action  of  certain  doses  of  pfaysostigma  may  be  prevented  by 
atropia. 

Many  examples  can  be  referred  to  in  whicb  eereral  of  tbe  actions 
of  TariouB  substances  may  be  impeded,  prevented,  or  connteracted 
by  those  of  others.  Of  these  we  may  ioetaDce  the  antagonism 
between  the  actions  of  physostigma  and  atropia  and  of  opium  and 
atropia  on  the  iris,  and  also  of  these  pairs  of  snbstances  and  of 
quinia  and  morphia  on  tbe  minute  blood-vessels.  It  is,  however, 
doubtful  if  any  absolutely  demonstrated  example  of  antagonism 
can  be  referred  to  in  which  the  toxic  action  of  one  substance  may 
be  prevented  by  the  physiological  action  of  another.  The  only 
instance  deserving  of  notice  in  which  antagonism  of  the  latter  class 
is  asserted  to  exist,  is  that  between  opinm  on  the  one  band,  and 
belladonna,  hyosciamus,  and  other  active  substances  derived  from 
the  Solanacece  on  the  other.  The  truth  of  this  reputed  antagonism 
has  not,  however,  been  established.  The  observations  on  man  that 
appear  to  support  it  are  found,  on  careful  examination,  to  be  liable 
to  many  objections ;  while  the  experimente  that  have  been  made 
on  tbe  lower  animals  have  produced  evidence  that  is  directly 
opposed  to  its  existence. 

In  bringing  these  experiments  before  the  Society  the  author's 
purpose  has  only  been  to  show  that  there  exists  an  antagonism 
between  the  toxic  action  of  certain  doses  of  physostigma  and  of 
belladonna  or  atropia.  In  the  further  investigation  of  this  subject 
it  will  be  necessary  to  determine  exactly  on  what  special  actions 
this  antagonism  depends,  and  also  within  what  limits  of  dosage  it 
is  maintained.  Being  concerned  with  two  substances  each  of  which 
possesses  a  number  of  actions,  it  is  not  nnraasonable  to  anticipate 
that  several  of  them  are  not  mutually  antagonistic.  Above  certain 
doses  a  region  may,  therefore,  be  entered  where  tbe  non -antagonised 
actions  are  present  in  sufficient  degrees  to  be  themselves  able  to 
produce  fatal  effects. 

These,  and  many  other  important  qnestions,  remain  for  exam- 
ination. Their  elucidation  may  be  expected  to  have  a  direct 
bearing  on  the  principles  of  therapeutics,  for  they  require  the 
demonstration  of  the  manner  in  which  certain  accnrately  defined 
abnormal  conditions  are  restored  to  normality  by  actions  of  on 
ei^ually  defined  and  accurately  determined  character. 
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In  the  meantime,  the  few  facta  that  have  been  obtained  indi- 
cate a  valuable  practical  application.  Although  the  existence  of 
an  antagonism  between  the  fatal  effects  of  phyeostigma  and  bella- 
donna baa  been  aaoertain&d  by  experiments  on  rabbits  and  dogs 
only,  there  is  no  reason  to  donbt  that  it  will  be  found  to  exist 
in  man  also.  We  may  thus  hare  at  our  disposal  a  physiological 
antidote  for  physostigma-poisoning,  occasion  for  applying  which 
may  occur  in  this  country,  and  already  daily  occurs  in  West  Africa, 
where  physostigma  is  extensively  used  as  aa  ordaal  poison. 

6.  On  the  Thermal  Energy  of  Molecular  Vortices.  By  W. 
J.  Macquorn  Eankine,  C.E.,  LL.D.,  F.K.SS.  Lond.  and 
Edio..  &c. 

In  a  previous  paper,  presented  to  the  £ojal  Society  of  Edin- 
burgh in  December  1849,  and  read  on  the  5th  of  February  1850 
(Trans,  vol.  xx.),  the  author  deduced  the  principles  of  thermo- 
dynamicB,  and  various  properties  of  elastic  fluids,  from  the  hypo- 
thesis of  moleculai  vortices,  under  certain  special  suppositions  as  to 
the  figure  and  arrangement  of  the  vortices,  and  as  to  the  properties 
of  the  matter  which  moves  in  them.  In  eubeequent  papers,  be 
showed  how  the  hypothesis  might  be  simplified,  by  dispensing 
with  some  of  the  special  suppositions.  In  the  present  paper  be 
makes  further  progress  in  the  some  direction,  and  shows  how  the 
general  equation  of  thermodynamics,  and  other  propositions,  are 
deduced  from  the  hypothesis  of  molecular  vortices  when  freed 
from  all  special  suppositions  as  to  the  fignre  and  arrangement  of 
the  vortices,  and  the  properties  of  the  natter  that  moves  in  them, 
and  reduced  simply  to  the  following  form  :  that  thermon^ric  A«(ii 
eoTiaiitt  in  a  motion  of  the  particlei  of  bodies  in  circulating  §lreanu, 
toilh  a  velocity  either  comtant  or  fiuctualing  periodically.  This,  of 
course,  implies  that  the  forces  acting  amongst  those  particles  are 
capable  of  transmitting  tbnt  motion. 

The  principal  conclusions  arrived  at  are  the  following : — 
1.  In  a  substance  in  which  tbe  action  of  the  vortices  is  isotropic, 
the  intensity  of  the  centrifugal  pressure  per  unit  of  area  is  two* 
third*  of  the  energy  due  to  the  steady  circnlation  in  an  unit  of 
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-Tolum«.  The  centrifagol  preBsare  is  tlie  pressure  exerUd  bj  the 
■Dbetanoe  in  the  perfectly  gueoas  state. 

2.*  If  there  be  snbBtancea  in  which  the  action  of  the  vortices  Is 
not  isotropic,  then  in  such  substances  the  proportion  already  stated 
applies  to  the  mean  of  the  intensities  of  the  centrifugal  presBnies 
in  any  three  orthogonal  directioDS. 

S."  The  proportion  which  the  whole  energy  of  the  vortices,  in- 
cluding that  of  the  periodic  distnrbanoes,  bears  to  the  energy  of 
the  steady  circulation  alone,  may  be  constant  or  variable. 

4.  Absolute  temperature  is  proportional  to  the  energy  of  the 
steady  circulation  in  nuity  of  mass,  and  to  the  specific  volume  in 
the  perfectly  gaeeons  state. 

5.  In  substances  which  are  nearly  in  the  perfectly  gaseous  state, 
experiment  lihowB  the  proportion  in  which  the  whole  energy  ex- 
ceeds  that  of  the  steady  circulation  to  be  sensibly  constant ;  and  its 
value  may  be  found  by  computing  in  what  proportion  the  dynamical 
value  of  the  specific  heat  at  constant  volume  exceeds  once  aud  a 
half  the  quotient  found  by  dividing  the  product  of  the  premuTe  and 
volume  by  the  absolute  temperutare.  *The  following  are  ex- 
amples:— air,  1'634;  nitrogen,  1*630;  oxygen,  1-667;  hydrogen, 
1  614;  steam-gas,  2-242. 

6.  The  known  general  equation  of  thermodynamics  is  deduced 
from  the  hypothesis  of  molecular  vortices,*  freed  from  the  special 
suppositions  made  in  the  paper  of  1849-50. 

The  new  conclusions  obtained  in  the  present  paper  are  marked  *. 
Those  not  so  marked  were  arrived  at  in  the  paper  of  1649-50. 

[The  general  equation  of  thermodynamics  is  here  stated  for  con- 
venience ;  let  dQ  be  the  thermal  energy  which  must  be  given  to 
unity  of  mass  of  a  given  substance,  in  order  to  produce'a  given 
indefinitely  small  change  in  its  temperature  and  dimensions : 
then — 

dQ-rd  ■<!,■, 

in  which  r  is  the  absolute  temperature,  and  tft  the  thermodynamic 
function.    The  value  of  that  function  is— 


0  =  JchyplogT  +  xCT)  +  ;i 
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Je  being  the  dynamical  valuQ  of  tbe  real  specific  be&t ;  TJ,  the 
potential  energy  of  tlie  elasticity  of  tUe  body  at  couatant  tempera- 
ture; and  X  (t),  a  funotion  of  the  absolute  temperatute,  which  is 
null  01  inappieoiable  in  a  substaoce  capable,  at  that  temperatuie, 
of  appToximating  indefinitely  to  the  perfectly  gaeeous  state,  and  is 
included  in  the  formula,  in  order  to  provide  for  the  posaibility, 
suggested  by  Clausius,  that  there  may  be  subataDces  which  have 
not  that  property  at  all  temperatares]. 

6.  On  the  Rotation  of  a  Rigid  Body  round  a  Fixed  Point, 
Part  II.     By  ProfesBor  Tait. 

The  following  Gentlemen  were  elected  Fellows  of  the 

Maurice  Lots t ah,  Esq. 
John  Miclabbk,  Eeq. 

The  following  Donations  to  tbe  Library  were  announced : — ■ 
Abbe  (Cleveland).    Dorpat  and    Foulkova.     Washington,  1867. 

8vo. — From  Ike  Author. 
Baars  (Herman).      Berelning  om  den  Internationale  Fislcerind- 

Btilling    i    Boulogne  '  Bur  •  Mer,    1866.       12mo.— ^n>m    the 

Author. 
Les  Pecbes  de   la  Norwiga.     BouIogne~aur-IiIer,   1866. 

8vo, — From  the  Author. 
Bigsby  (John  J.),  M.D.,  F.G.S.     Flora  and  Fauna  of  tha  Silurian 

Period,    with    Addenda.     London,   1868.     4to. — Frmn    the 

Author, 
Broch  (Dr  0.  J.).    Traits  ^lementaire  des  Fonctiona  Elliptiqaea. 

Fasc.  II.     Christiania,  1867.     8vo.— from  the  Author. 
Brown  (Bobert).     Das  Innere  der  VaDcouver-Insel.     4to.     Being 

a  German'  translation  of  his  paper. — Fro  tn     Author. 
Gastello  de  Paiva  (Barone  de).    Monograpbla  Molluscorum  Terres- 

trium,  Fluvialium,  LacuEtrium,  Insularium  Uaderensium.   Oli- 

sipona,  1867.     4to — From  the  Author. 
Cohen  (Henri).    Description  des  Medailles  Qrecqnes,  Romaines, 

etc.     Paris,  1869.     B\o.—From  the  Author. 
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Day  (St  John  Vincent),  C.E.    Malleable  Iron  Manufacture  and  the 

Richardson  Proceas.   Glaagow,  1868,    8vo. — From  the  Atilkar. 
Present  State  of  some  Branches  of  Iron  Metallurf^y.    Glas- 
gow, 1868.     8to.— From  the  Author. 
Donia  (Aleaaandro,   Prof.).      Catalogo    delle   Leoneidi    o    Stelle 

Veteoriche  del  periodo  di  Novembie  OEservate  nel  1867  al 

regie  Ossetratorio  di  Torino.     4to — From  the  Authw. 
Erdmann  (A.).    Sverigee  Gcologiska  Undersdkning  pa  offentlig 

bekoBtnad  TJtford  under  ledning  af  A.  Erdmann.      Nos.  26-30, 

vith  Charts.     Svo. — From  the  Editor. 
G«ikie  (Archibald),  F.E.S.     Uemoir  of   the  late   James  David 

Forbes,  D.C.L.,  LL.D.,  F-B-S.     Edinburgh,  1869.     Svo.— 

From  theAiUhor. 
Handjrside  (Dr).    Observations  on  Arrested  Twtn-Development. 

8»a — From  the  Attthor. 
Hertzberg  (K.).    Indberetning  om  nogle  LnrerBeminarier  i  prem- 

made  Lande  fra  en  Reise  1866  og  1867.     Christiania,  1868. 

8to. — From  the  Attthor. 
HiTSch(A.)etPlautamour(E.).  Niveliement  de  prScision  de  la  Suisse, 

ez6oiit£  par  la  Commission  GtodSsique  FSd^rale  sons  la  direc- 
tion dee  an  teure.  Lit.  I.  Geneve, 1868.  ito.^From  the  Authors. 
Jenkin  (Fleeming).    On  the  Education  of  Civil  and  Mechanical 

Engineers.     Edinburgh,  1868.     8to.— From  the  Author. 
Journal  (American)  of  Science  and  Arts.    Conducted  by  Benjamin 

Silliman.     Nos.  138,  133,  140.     New  Haven.    8vo.— From 

the  Editor. 
Eronecker  (L.).   TJber  Systeme  von  Kiinctionen  mehrer  Variabelu. 

Berlin,  1869.     8vo.— FVom  (Ae  Avfhor. 
Lawson's  Piuetum  Britannicnm.      Parte    XXXI.  and  XXXII. 

Edinburgh.     Fol. — From  Charle*  Lawton,  E»q. 
Haclaren  (Charles).     Select  Writings.     Edited  by  Robert    Coi, 

F.S-A.,  and  James  Nicol,  F.R.S.E.    Vols.  I.  and  II.    8vo.— 

From  Mn  Maclaren. 
Mailly(Ed.).    L'Espagne  Scientifique.    Brussels,  1868.     12mo.— 

From  the  Author. 
Manuscripts.     Facsimiles  of  National  Manuscripts   of  England. 

Selected  under  the  direction  of  Colonel  Sir  Henry  James. 

Part  IV.     Fol.— F7<wi  the  Seerelan/  of  Slate  for  War. 
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Komeuclatnn  of  Diseases,  drawo  up  by  a  Joint-Committee  ap- 
pointed by  the  Royal  College  of  Physicians  of  LondoD. 
London.  1869.     tvo.~Fnm  tie  GoUege. 

Plantamonr  (E.).  Bfeume  H6[«0K>l<«ique  de  1' Ann&e  1866  et  1867 
ponr  G«niTe  et  le  Grand  Saint-Bernard.  8vo. — Avm  &e  Aidkor. 

Quatnfages  (U.  de).  ObaerrationB  lelativea  &  un  onvrage  de  M. 
Clapaiide,  intitnid  Les  Ann^lidee  Ch^topodes  da  Golfe  da 
Naples,  et  B^ponse  i.  ees  Critiques.    Paris.    4to. — From  the 

Qnetelet  (Ad.).    Observationa  dee  Pbfnom^nes  P^riodiqnes  pendant 

lesAnneeslSeSet  1866.     BraBsels.    ito.— From  the  Avihor. 
'  Pbysiqae   Sociale,   ou   Essai    sar    le   developpement  dea 

Faculty  de  I'HDmme.     BmsBele.     8to. — From  the  AtUhor. 
Beports.     Qaarteriy  and  ATonthly  BetoTns  of  the  Births,  De&tbs, 

and  marriages  foi   1868-69.     Edinburgh.      8vo — From  the 

Segittrar-Oeneral. 
Twelfth  Detailed  Annual  Report  of  the  Registrar-General 

of  Births,  Deaths,  and  Marriages  in  Scotland.    Edinburgh, 

1869.     8va.— from  the  Regutrar-Qeneral. 
Bizzoli  (Francesco).    Uasseterotomia  intrabaccale  per  la  cura  di 

una  Anchilosi  del  Hascellare  inferiore  Uemoria.     Bologna, 

1869.     4to.— i^Vom  the  Attihor. 
Sars  (Michael).     M^moiree   pour  servir  &    la  Conoaissance    des 

Crinoides  Vivants.    Christiania,  1867.    4to. — From  the  Avihor. 
Settimanni  (Capt.  CSsar).    D'une  Nouvelle  Methods  pom  deter- 
miner la  Parallaze  da  Soleil.     Florence,  1869.     8vo. — Frotn 

the  Author. 
Smyth  (Prof.  C.  Piazzi),  F.B.SS.L.  &  E.,  F.B.A.S.     On  Intensi- 
fied Gravity  in  Centrifugal  GoTemoTB  of  Driving  Clocks  and 

Steam -Engines.     12mo. — from  the  Avihor. 
Snndt  (Gilbert).    Om  Hnefliden  !  Noige.    Christiania,  1867.    8to. 

— From  the  Author. 
Tebbutt  (John,  jun.).    Ueteoiological  Observations  made  at  th« 

Private  Observatory  of  John  Tebbutt,  jun.     Sydney,  1668. 

8vo. — from  the  Author. 
Thomson  (William  Thomas).    Address  delivered  to  the  Stadents 

of  the  Edinhsrgh  School  of  Design.    Edinburgh,  1869.    8vo, 

—From  the  Author. 
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Wetherill  (Ghulee  U.),  Bxperimenta  on  Itacolumite.   Sva — From 

the  Author. 
Will  (H.).    Jahresbericht  iiber  die  Fortschritte  der  Cbemie,  etc. 

far  1867.     Heft  1.   Giessen.    8yo.— From  tha  Editor. 
Woodward  (Henry).     Han  and  the  Uammoth.      London,  1869. 

8vo. — From  &»  Author. 

TSANSACTIOHB  AND   FbOOBKIIVOB  OV  LbaRNBD   SoCIETm, 
AciDBUIKg,  &0. 

Atmterdam.—Flon  Batava.     AffeveriDg  204-207.     ito.~From  the 

King  of  Holland. 
Satel. — Verbandlungen  der  Natnrforechenden  Qeaellschaft.   Theil 

V.  Heft  1.     6vo.—From  (A«  Society. 
JScWm.— Abbandlungen  der.Kdniglichen  Akademie  der  Wissen- 

Bohaften,  1867.     4to. — From  the  Academy. 
Monatibericht  dei  Eonigliche  FreasBiscben  Akademie  der 

WiBBenschaften  za  Berlin.    Angnat,  September,  October, 

November,  December   1868  j  January,    February   1869. 

8»o. — From  the  Acadettijf. 
Berne. — Uat^rianx  pour  la  Carte  G^ologiqne  de  la  SuisBe.    Lir.  6*. 

4to, — From  the  Soeietif  of  Natural  Sdenee. 
Bordeauas. — Mfmoirea   de   la  Soci6t^  dea   Sciencea   FbyaiqneB  et 

NaturellcB.      Tome  VI.    Nob.    1,   2,       8-ro.— From    the 

Boelott. — Bulletin  of  the  Public  Library.    Nos.  8  and  9.    8vo. — 

From  the  Library. 
Sixteenth  Annual  Beport  of  the  Trastees  of  the  Public 

Library,  1868.    8yo.—From  the  Library. 
BrutteU. — Annuaire  de  TAcad^mie  Boyale  dee  Scienoea,  des  Lettres, 

•t  dea  Beaux-Arta  de  Belgique.    1869.    12mo.-~From  the 


Bulletin  de  I'Acadfniie  Boyale  des  Sciences,  dee  Lettrea,  et 
dea  Beaax-AttB  de  Belgique.  Tomes  XXV.,  XXVI., 
XXVII.  Nob.  1,  2,  3,  4.    8to.— JVom  the  Academy. 

HgmoireB  de  rAcadfimie  Boyale  des  Sciences,  des  Lettres, 
et  dea  Beaux  Arts  de  Belgiqoe.  Tome  XXXVII.  4to. — 
From  the  Academy. 
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Bruuelt, — Annales  de  rObserratoire  Rojrale  de  Brnxelles.  1668-69. 

4to. — From  the  Ohteroatory, 
Annuaire  de  rObserratoire  Boyale  de  Bruxelles,    par  A. 

Qaetelet.     1869.     12mo.— /'r-om  Vie  Observatory. 
Biograpbie  Nationale.     Tome  II.  Fta.  1,  2.     8to, — From 

the  Royal  Academy  of  Science*,  Belgium. 
Cadiz. — Almanaque  N&utico  para  el  ano  1870.    8vo. — .From  th« 

Obiervatory. 
Calcutta. — Journal  of  the  Asiatic  Society  of  Bengal.     Part  I.  Nob 

1,  2;  Part  II,  NoH.  3,  4.  1868;  Part  II.  No.  1,  1869. 

8vo. — From  the  Society. 
Proceedings  of  the  Asiatic  Society  of  Bengal.    Noe.  9-12, 

1868;  No.  1,  18G9.     Svo.— JVom  the  Society. 
CAmtianw.—Forliand linger  i  Videnskabs,  Selskabet  i  ChristiaDia. 

1867.     8to,— /Vom  the  Society. 
Norsk  Meteorologiske  Aarbog  for  1867.      4to. — From  the 

Meteorological  Society. 
Nyt  Magazio  for  Naturvidenskaberne.     D.  XT.  Hefte  8, 

8to. — from  the  Royal  Untvenity  of  Nartoay. 
Det  Eongelige  Norsto  Frederiks  Universitets  AarsberetDing 

for  1867.     8vo.— from  f/w  University. 
NorskeUniTersitets-ogSkole-aDnalerudgivuearUniverBitets 

Secretair.     Feb.  Mar.  1868.     Svo. — From  the  UnivertUy. 
Forslag  til  en  Foiandret  otdning  af  det  H6iere  skolevoeMD. 

Del.  III.     Svo. — From  th«  Royal  Commission. 
Z)uWi».— Journal  of  the  Royal  Dublin  Society.    No.  XXXVIT. 

Svo. — From  the  Society. 
Edinburgh. — Transactions  of  the  Highland  and  Agricultural  Society 

of  Scotland.    Vol.  II.  Part  2  (Fourth  Series).   tvo.—From 

the  Society. 
Transactions  of  the  Boyal  Scottish  Society  of  Arts.    Yol. 

VII.  Parts  i,  5.     6^0.— From  the  Society. 
Transactions  of  the  Botanical  Society.    Vol.  IX.  Part  2. 

Svo. — From  the  Society. 
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